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Low cost micro- 
controller design kit 


NEC Electronics has reduced the cost of designing 
embedded systems twentyfold with the introduction of a 
starter kit for just £300. The low cost starter kit contains 
everything an engineer needs to design systems based on 
NEC’s popular 78KO range of 8-bit microcontrollers, at a frac- 
tion of the price of the full design kit. 

It is intended for use by small engineering firms, design 
consultancies in development projects and by larger firms that 
wish to evaluate the devices. It includes an assembler and 

_ debugger (for use on an {BM compatible PC), an evaiuation 
board with 32k of RAM, a programmer for UV and one time 
programmable (OTP) devices, a UV erasable 78KO microcon- 


A major advance in fault diagnostics technology for service 
testing has been launched by Polar Instruments. The 
company’s new T4000 family of analogue signature analysers 
(ASAs) utilise PC technology to automate V/I trace signature 
capture, storage and comparison. These new instruments put 
automated ASAs within the reach of all, thanks to the incorpora- 
tion of cost effective, software based, virtual instrument tech- 
niques which dispense with conventional front panel electronics. 

Using a friendly PC interface, signature files can be learnt 
and stored quickly for auto comparison at any future point. This 
eliminates the need for expert knowledge of the circuit under 
test and speeds component level diagnostics, allowing compa- 
nies to implement far more cost effective maintenance and 
repair strategies. 

ASA is based on impedance signatures, which are the _ 
response of circuit nodes to current limited AC stimuli. They 
provide an accurate guide to in-circuit behaviour, suitable for 
establishing the functionality of passive and active devices, 
including digital, analogue and mixed signal ICs, in rework/repair 
applications. IC complexity is immaterial - the technique is as 
relevant to complex ASICS and VLSIis as it is to analogue 
voltage regulators. Moreover, because ASA does not require ' 
boards to be powered up, it is intrinsically safe and easy to use. 

For more information contact Polar Instruments Ltd, of 
Guernsey, on 0481 53081. 


troller and all the necessary cables and power supplies. 

The designer can therefore write code and perform three 
levels of prototyping. Firstly, the code can be downloaded into 
the RAM on a stand-alone evaluation board. The evaluation 
board can also be connected to the target hardware, enabling 
users to debug code in a fully functional prototyping system. The 
full screen debugger allows real time execution, single step oper- 
ation, multiple break points and watching and modifying memory. 

When testing is complete, the UV erasable device can be 
programmed and plugged directly into the prototype system, 
for example for field testing. Any bugs detected at this stage 
can be modified and the new code blown into the erased UV 
device. The programmer board can also be used to program 
OTP devices, which can then be used for short production 
runs, perhaps to produce prototypes for key customers. 

The only equipment the user of this development system 
requires is a PC and a UV eraser. 

For further information contact NEC Electronics UK Ltd at 
Cygnus House, Linford Wood Business Centre, Sunrise 
Parkway, Linford Wood, Milton Keynes MK14 6NP. 
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| Home 
theatre 
speakers 


The new Cerwin-Vega HTE-10 
SenSurround! (tm) Home 
Theatre System brings the 
impact of ‘Cinema Sound’ into 
the home. Although relatively 
compact, the system is said to 


have tremendous dynamic 

punch and awesome bass. sub-woofer behind the sofa 
The speakers use the tech- and the other speakers tucked 
nology that added heightened away, the system can be very 
reality to such blockbuster unobtrusive. 

movies as Earthquake and To generate the cinema 


Midway. The HTE-10 system 
consists of four identical 
compact surround speakers, 
one ‘point source’ centre 
channel and a dual voice-coil 
10in sub-woofer. With the 


type sound, the speaker 
system needs to deliver high 
volume (when required), 
deep bass, strong dynamics 
and an enveloping sound- 
field. The HTE-10 does all 


World’s first 40MHz 
T™MS320C31 PC board 


‘Loughborough Sound Images has launched the world’s first PC 
board based on the Texas Instruments’ TMS320C31 digital 
signal processor, running at 4OMHz. This plug in PC board 
combines 40MFLOPS of 32-bit real time processing power with 
high level development support and flexible /O options. These 
features mean that, in addition to its role as a development 
system, it will be used in OEM applications as a target system. 

Designers working in applications areas such as 
telecomms., embedded control, noise and vibration, digital 
audio and aerospace could benefit from the board’s real 
time performance. It can interface with a wide variety of 
external signals, via LSI's existing daughter modules, 
including A/D and D/A conversion, at a range of speeds and 
resolutions, as well as an industry standard AES/EBU inter- 
face for digital audio applications. 

For further details contact Loughborough Sound Images 

on 0509 231843. 


ogee 


this and the design allows 
owners of modestly powered 
mid-price AV receivers and 
amplifiers to get the dynamic 
sound that is normally the 
sole province of powerful! 
expensive amplification. 

The HTE-10 is designed to 
be part of a Dolby Pro-Logic 
set up. Each speaker has a 
high sensitivity of 91dB (sub- 
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woofer 93dB) at 8 ohms. The 
four satellites and the centre: 


_ channel are voiced to 


produce consistent vocal 
clarity, are overload protected 
and are fully magnetically 
shielded. The elliptical source 
point driver in the centre 
channel offers coherency in 
the critical mid-band. All the 
tweeters are Ferro-fluid 
cooled dome designs and the 
sub-woofer uses a dual 
voice-coil driver with a cast 
alloy frame, tuned to 40Hz for 
a deep powerful bass, All the 
speakers use quality 4mm 
cable connectors. 

The HTE-10 system has a 
recommended retail price of 
£499. For further details 
contact Cerwyn Vega on 
0423 359054. 


Wafer contamination 


Particle formation resulting from chemical and physical 
processes inside CVD reactors is a primary source of cont- 
amination in semi-conductor manufacture. Researchers 
from NIST’s Chemical Science and Technology Laboratory 
estimate that more than 80% of total contaminant particles 
come from chemical processing steps and the mechanical 
movement of equipment. 

Moreover, as much as 75% of the yield loss in chips with 
sub-micron feature sizes can be attributed to particle contami- 
nation of the wafer. 

The NIST team tackled the problem by running a numerical 
simulation of particle dynamics in a vertical rotating-disk CVD 
reactor. They focused on identifying the factors influencing 
particle contamination of the deposition substrate, concluding 
that spin rate, disk temperature and particle size influence 
how close an individual particle gets to the disk. 

Inverting the reactor, so that gas and heat flowed up 
instead of down, eliminated contamination in both rotating 


According to the NIST researchers, contaminant particles 
approaching the spinning disk tend to be flung away from the 
wafer surface by a combination of centrifugal and thermal 
forces. The researchers’ computer model charts the predicted 
trajectory of particles based upon the particles’ size and the 
temperature and speed of the rotating CVD disk. In most 
cases, the disk spun at a rate of 1000 rpm. 

The smooth axisymetric flows of heat and CVD gases 
across the surface of a rotating wafer lend themselves to 
numerical modelling. Nonetheless, the CVD reactor oper- 
ating conditions had to be carefully selected to obtain the 
best flows. For example, the researchers found that a down- 
ward flow against a heated, non-rotating disk often results in 
the formation of what they call unstable buoyant recirculation 
zones, above the substrate. The deposition process is 
destroyed by the zones. 

A rotating disk usually overcomes the problem by creating 
a suction, that pulls the gas towards the disk, spinning it out 
radially. The technique eliminates recirculation zones, resulting 


and non-rotating disks. 


Diary... 


April 2nd, 9th, 
16th, 23rd, and 30th - 
The Computer Fair 
Central Club, 16/22 Great 
Russell Street, London. 
Telephone 0985 844360. 


April 2nd - 
Northern Computer Markets 
Manchester. Telephone 
061 681 0569. 


April 2nd - 
Country Wide Computer 
Fairs Slough. Telephone 

0225 868100. 


April 3rd - 
UK Computer Fairs 
Peterborough. Telephone 
0533 402206. 


April 4th - 
Centre of England 
Computer, Satellite 
and Ham Radio Show 
Coventry. Telephone 
0952 598173. 


_ April 9th - 
All Formats Computer Fair 
Brentwood Centre, Essex. 
Telephone 081 856 8478. 


April 9th - 
Traderdesk Auctions 


in uniform deposition layers. 


Motorcycle Museum, 
Birmingham. Telephone 
021 445 1794. 


April 9th - 
Northern Computer Markets 
Bradford. Telephone 
061 681 0569. 


April 10th - 

All formats Computer Fair 
University Union, 
Park Place, Cardiff. 
Telephone 
081 856 8478. 


Business Design Centre, 
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Islington, London. 
Telephone 
081 742 2828, 


April 10th - 
Northern Computer Markets 
Birmingham. Telephone 
061 681 0569. 


April 10th - 
UK Computer Fairs 
Ryton on Dunsmore. 
Telephone 0533 402206.. 


April 10th - 
Northern Computer Markets 
Manchester. Telephone 
061 6810569. 


April 11th - 
Cable and Satellite 94 
London, Telephone 

“021 705 6707. 


April 16th - 

All Formats Computer Fair 
Haydock Park 
Racecourse. 
Telephone 081 856 8478. 


April 16th - 
Spring all Micro Show 
Bingley Hall, 
Stafford. 
Telephone 
0473 272002. 


April 16th - 
Traderdesk Auctions 


Reading. Telephone 
021 445 1794. 


April 17th - 
Ali Formats 
Computer Fair 

Ulster hall, © 
Bedford Street, 
Belfast. Telephone 
081 856 8478. 


April 17th - 
Countrywide Computer Fairs 
Brighton. “ 
Telephone 
0225 868100. 


_ April 22nd - 
Midi and Electronic Music 


_FM Radio Smaller 
than a 50p Piece 


A tiny FM radio, built using state of the art miniaturisation, 
is now available from Maplin Electronics. The auto tuning, 
FM radio receiver produces a quality of reception that is 
normally only expected from radios many times its size. 

The little radio is provided with an on/off switch, 
‘seek’ button and a ‘reset’ button, plus a pair of 
earphones attached to 800mm of cord, that also 
doubles as an aerial. To operate, the ‘reset’ button is 
pressed once for each station that is automatically 
tuned in to, until the desired station is found, However, 
if the user has a favourite station, then tuning is not 
required every time the radio is switched on, as the last 
station selected is always remembered when the power 
is switched off. - 

ideal for commuters, cyclists, walkers, etc., this little radio 
costs just £9.95 and is available from any Maplin store or 
direct by phoning 0702 554161. 


Wembley, London. 
Telephone 0222 512128. 


April 23rd - 

All Formats Computer Fair 
Northumbria Centre, 
Washington. 
Telephone 081 856 8478. 


April 23rd - 
MCD Auctions 
Surrey. 
Telephone 
0932 571911 


April 24th - 
All Formats Computer Fair 
National Motorcycle 
Museum, Birmingham. 
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Telephone 081 856 8478. 


June 26th - 27th 
Longleat Amateur Radio Rally 
- Bristol Group RSGB 
Longleat Park, Warminster, 
Wiltshire. Telephone 
0272 860442. 


ff you are organising an 
event of any description 
which would be of interest 
to ET] readers and would 
like to have it included in this 
diary section then please 
send details to: Event Diary, 
ETI, Argus House, 
Boundary Way, Hemel 
Hempstead, HP2 7ST. 


_ Animatronics today, 
— robotics tomorrow? 


f 


gnash their teeth, familiar 
In many ways it is perhaps incorrect to looking pop musicians play _ ‘petitive sequence of movements under 
describe these moving creatures as familiar sounding songs. eae Pages is only a step away from 
robots. They perform a fixed repetitive eing a robot. All it needs is the added 
routine and have few, if any, in-buit ~_ , AY@ they real? They may aii. 10 react to the world around It, to 
sensors which allow them to interact with ~fook-it,-but they are robots, jaye sensory input and to use that input 
the outside world, In many ways it is the first generation of the... to modify and control its movements 


easier to think of them as sophisticated, machines of the future and reactions. 
stringless, computer controlled puppets. So when and how will the 

The makers of such systems have, in fact, been sessment ete animatronic dinosaurs step over the 
very careful to avoid using eons carton LSS boundary and become robotic dinosaurs? When will 
the word ‘robot’ when they start to roam free in a robotic Jurassic Park? 


describing these 

‘creatures’. Instead, Animatronics Today 
they have coined the Animatronics is a big business 
word ‘animatronics’ to today in most of the techno- 
describe the technology, a word logically advanced nations, 
you will probably not find in your with dozens of companies 
dictionary, it is too new, but it is producing and using 

a word which rather descrip- animatronic products, 
tively owes its origin to a fusion ranging from sophisticated 


of ‘animation’ and ‘electronics’. 

Obviously a ‘creature’ which 
can move in a carefully controlled way, 
even though tethered and performing a 


talking ‘people’ to the simple 
moving characters often used 

in shop window displays. 

True animatronics, as 
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opposed to simple mechanical automatons, can be defined as 
mechanical moving characters which work under computer 
control. The:earliest such systems first appeared about fifteen 
years. ago and were primarily the result of work by Disney and 
the University of Utah. These animatronic characters were used 
in Disney World and were an immediate hit with the public. 

The characters used pneumatic actuators operating, under 
computer control. Pneumatics were used primarily because 
they were easy to implement using off the shelf components. 
They are quiet and, unlike electrical actuators, free from jerky 
movements. Thay are also safe, a factor which turned users 
against hydraulic systems. There is a story that the entire board 


of directors of one major animatronics company went to look at 


the first such product created by their R&D people. It was a 
hydraulic system and half way through the demonstration a 
hydraulic hose came loose and drenched the directors in warm 
oil. From that day forth pneumatics were used. 


The success of animatronics at Disney World has led to their 


being developed and used in a wide range of different theme 


park, entertainment and even museum environments around the 


world. One of the world’s leaders in animatronics, and apart 
from Disney probably the largest operator of such systems in 
Europe, is Madam Tussauds. 

This company's most sophisticated animatronics set up is 
Rock Circus in the London Pavilion on London’s Picadilly 
Circus. Here, on the largest revolving stage in Europe, visitors 
can see ‘live’ performances by animatronic versions of some of 
the world’s bets known rock and pop legends. ‘ 

The animatronic figures used at Rock Circus move naturally 
and have fully animated faces. Unless you look at them very 
closely and critically, you could be mistaken for almost thinking 
that they were real. The naturalism comes from a combination 
of technological sophistication in their design and construction 
and in Tussauds traditional skills in creating lifelike copies of 
famous people. 


Inside an Animatronic Figure 
The animatronic characters at Tussauds are all made and 
designed by the company at their workshops in north London. 


The work with the aid of electronically controlled pneumatic actu- 


ators, with each character having dozens of different actuators, 
rotary ones, linear ones, big ones and small ones. A blinking 
eyelid has its own actuator, the moving eyeball another, others 
control movement of the mouth, the hands, neck, arms, etc. 
Each animatronic character is thus a very sophisticated pneu- 
matic and mechanical structure and, at about £150,000, is also 
very expensive. They are designed to be robust and as mainte- 
nance free as possible. The shows go on seven days a week and 


operate continuously for over twelve hours per day so, for example, 
the eyelid actuator on a character will operate about 18,000 times a 


day and some of the characters have been operating continuously 
for over 87,000 shows - that is a lot of eye blinks. 

For reliability, the systems are very well engineered, they 
have robust steel ‘skeletons’ and use high grade miniature 
pneumatic actuators, with steel rods providing the mechanical 
linkage. The actuators are controlled by high precision and, 


most importantly in this type of application, very quiet electronic 


valves and pressure controllers (the system works on air pres- 
sure of 130psi from a large central compressor). 2 

Very few positional sensors are used, it is mainly switches 
and the odd potentiometer based rotational position sensor. In 
most cases, current generation of animatronics uses simple 
open loop control systems, with limit switches to stop any 
malfunction tearing the system apart by having actuators 


Robots and the Amateur 


Building and developing your own robots is not 
only practical, but a great challenge and an enor- 
mous amount of fun. Robotics brings together a 
wide range of different engineering and techno- 
logical skills, mechanics, electronics, computer 
programming and, if you are feeling really ambi- 
tious, pneumatics and hydraulics. This means 
that robots are ideal as educational and club 
projects, where people with different skills and 
ideas can be brought together. 


Robotics 
is also one of 
the few 
areas of 
technology 
where an 
amateur can 
produce 
original 
work, do 
something 
that no one 
has 


managed to do before. Be at the cutting edge of 


new technology. It is an area where ingenuity and 
imagination can count for as much as knowledge, 
and where high budgets are not necessary. | 
Indeed many university research projects on . 
robotics are very poorly funded and have relied 
on surplus and scrap materials to build their 
systems. 


There is also the aspect that many potential 
applications for robotic systems are being 
commercially ignored because the perceived 
market is too small, in comparison to manufac- 
turing and development costs. This need not 
deter the amateur robot builder. For example, 
how about a robot lawn mower, or a robot cleaner 
trained to pick up pieces of litter? Both ideas 
would be possible using off the shelf technology 
and there are many more potential applications 
like those two! 


In future issues of ETI we will be looking at 
different aspects of electronics which will be of 
use to robot builders, such as motor and actuator 
control, a more detailed look at subsumption 
architecture, microcontrollers and servo loop 
systems. Indeed, we will be going even further 
and promoting a series of amateur robot compe- 
titions, to discover the most ingenious systems 
and those best able to perform a specific task. 
Watch out for more details in future issues of ETI- 
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working against their limits or against each other. Howeyer, the 
next generation of animatronics, currently being introduced by 
Disney, makes extensive use of closed loop control systems to 
create some quite spectacular performances. 

The systems all rely on a hierarchy of electronic control. At the 
lowest level, the movement of an individual joint is controlled by a 
local control circuit, which uses an EPROM programmed to 
generate the exact sequence of actuator movements necessary 
to move the limb smoothly and naturally from its current position 
to a new designated position. These local control circuits are the 
same for a wide range of different limbs and compound move- 
ments, the EPROM will be tailored exactly to produce the neces- 
sary movements required of the particular application. 

The data stored in the EPROM of the local control circuit is 
generated when the system is first created and it allows complex 
movements to be executed, using just a simple command to 
move from one set of co-ordinates to another. This frees the 
higher levels of contro! hierarchy from any need to perform a tot 
of repetitive actions and the modularity inherent in this approach 
also makes the system easier to design and maintain. 

At Rock Circus, the higher level control is performed by a special 
dedicated computer system from ElectroSonics, In fact, three such 
computer systems are used, each one having the contro! data 
sequences, as well as sound output, lighting and stage elevation ' 
controls, stored on massive optical disk systems. 

At all stages in the system’s integration, from individual limbs 
to the complete show, the designers have provided automatic 
safety features and cut-outs, This is sufficiently sophisticated : 
that if a portion of the system fails, then the show i not 
stop but will simply compensate for that 
failure. With long opening hours, there is 
very little time to repair and maintain the 
system. You cannot shut down the show when 
there are five hundred enthusiastic French 
youngsters waiting outside! 


Animatronics Tomorrow 

Rock Circus contains some of the most sophisticated anima- 
tronics currently in use, the main constraints at the moment 
being size and freedom of movement. Even using the smallest 
available actuators, it is very difficult, if not impossible, to create 
an animatronic ‘person’ the size of a child, or a large dog. It is a 
question of trying to pack the mechanics, pneumatics and _ 
control electronics into a small space. The problems associated 
with size are one reason why dinosaurs have been a popular 
type of ‘creature’ with animatronic designers. 

Freedom of movement is the other main constraint. Once 
again, size is an important consideration - with an animatronic 
‘creature’ the size of an elephant or-a tyrannosaurus rex, one 
could pack pneumatic/hydraulic pumps, power supply and 
computer inside and thus have something that was self 
contained and free moving. But with anything smaller, this could 
prove extremely difficult, if not impossible. Such self contained 
large animatronic systems suffer from the weight/power ratio - 
vicious circle, the more weight the more power, but the more 
power the more weight. 

There has, however, been one recent success in free moving 
self contained animatronics and that was the animatronic killer 
whale used in certain sequences in the film ‘Free Willy’. At a 
cost of reputedly £1/2million, the makers of this film produced 
an exact copy of the real whale, which was able to swim and 
move in a natural looking manner without being visibly attached. 
Here the unit was large enough to be self contained and thanks 
- to the buoyancy of sea water did not require the power and 


structural strength of a land based system, 

The animatronic whale used in Free Willy was capable of 
looking and moving just like the real thing. However, the natural- 
ness of the movements was really due to the skill of the opera- 
tors, since it was in fact simply a large radio controlled puppet. 
The movements were all dictated by human operators, rather 
than by a control computer. - 


What About Robotics? 

All the animatronic systems we have looked at so far have all 
been designed to either perform repeated sequences of move- 
ments or have been, in essence, sophisticated puppets. Thus, 
the animatronic Beatles will go through a performing sequence 
of movements lasting several minutes, then at the next show 
they will repeat the same performance. At no time will they be 
called upon to interact with their environment. 

This is the difference between a robot and an animatronic 
system. The robot can interact with its environment. Even a 
simple industrial arm robot will have sensors that allow it to 
modify its actions in relation to a change in its environment. 
Such a robot arm equipped with a gripper will have sensors in 
the gripper which allow it to pick and place an object as deli- 
cate and variable in size and weight as an egg, or a standard 
10kg block of metal. The sensors will tell the robot's control 
system when the object has been gripped sufficiently tightly to 
allow it to be picked up without, in the case of an egg, 

breaking it. 

Sey Similarly, an industrial robot needs to be equipped 

~ with sensors which will ensure that it moves in a very 
precise manner - animatronic devices do not need a great 
a deal of positional accuracy. This means that an 
™. animatronic system can function with a simple 

Me system which has no positional feedback, while 

B= every actuator on a robot will be equipped with a 
full servo loop positional feedback system. 

It is this question of how to design systems that 
will interact with the world around them that is exercising the 
minds of researchers in robotics all around the world, If you 
stop and think about how many senses we are all using at any 
one time and how we feel lost if we are deprived of any single 
one of them, you can get an idea of the enormity of the 
problem. 

We use complex interactions of our senses all the time. As | 
type this article | am using touch to feel the keys, sight to look at 
the screen and hearing to confirm that the key has been 
pressed. We can make a robot see, hear and in a rudimentary 
way feel, but we are still a long way from making systems which 
can smell and taste more than a few chemical compounds. We 
are even further away from making a robot which can fully utilise 
all such sensory input. 


_ The Robotics Researchers 

There are thus several key areas of research in robotics and the 

associated discipline of artificial intelligence, which are currently 

exercising some of the world’s finest brains. These are the 

development of suitable sensors, the interpretation of the data 

coming from these sensors, especially the area of machine 

vision, the creation of a knowledge base of the world in which 

the robot lives with respect to this sensory input, a knowledge 

of and interpretation of natural language, so that it can commu- 

nicate with its developers and the ability to reason and plan, so 

that it can perform tasks and overcome problems without | 

human assistance. ; | 
The ultimate goal of all the researchers at work in these | 
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areas today is to build not just ‘smart’ computers, but 
electro/mechanical ‘creatures’, which could function indepen- 
dently in the world. In other words, a free roaming device which 
demonstrates some degree of intelligent behaviour. 
This is, of course, the image that we all have in the back of 
our mind when we talk about robots, the image of the metal 
men of Hollywood movies and science fiction novels. Ten years 
ago, researchers in Al and robotics may have shared that image 
and sought to create human like intelligent systems. Today, in 
the face of the enormous problems involved, such researchers 
are more likely to be thinking more in terms of a mechanical ant 
than a mechanical man. 

By and large, this is an approach which is generating a 
considerable degree of success and the lessons learnt will 
enable more complex systems to be built in the future. This is 
still a very controversial area, but much of the 
success has tended to indicate that a lot of the 
traditional approaches have been based upon the 
wrong premises and are not what is needed for 
building machines designed to live in the real world. 

Many researchers are now arguing that complex 
behaviour is not derived from some knowledge repre- 
sentation system but from the interaction of simple 
behaviours. The traditional approach to the design of 
a robotic ‘brain’ has been an analytical one, where 
the engineer first decides what the robot will 
sense, then decides how it will analyse that 
input and finally decides what it will do in 
response to that input. A process that can be 
extremely complex even for a simple robot. 

The new approach has been pioneered by 
Rodney Brooks of MIT and is a robot architec- 
ture called subsumption, Subsumption relies 
on a network of processors and hardware, 
each demonstrating simple behaviour 


patterns, such as moving a leg, to create a system houdeg pars 


more complex behavioural patterns. Thus subsumption architec- 
ture relies on the behavioural pattern developing in response to the 
nature of the world in which the robot lives, rather than a sophisti- 
cated analysis of that world by the robot's designer. 

Rodney Brooks argues that if a robot encounters an 
obstacle, the important thing is that it can find its way around 
that obstacle, not that it can analyse the object and its position. 
A knowledge of the world in which it lives is not really neces- 
sary, but an ability to survive in that world and react appropri- 
ately to it is. This way, it is possible to circumvent the thorny Al 
problem of constructing and maintaining a logical model of the 
outside world and making a correspondence between that 
model and reality. 

To test the theory of subsumption, Brooks’ team at MIT has 
created a range of artificial creatures, which have been designed 
to wander around and avoid obstacles. These creatures use legs 
for movement and have been dubbed ‘insectoids’. 

One of these insectoid robots, called Ghengis, clearly 
demonstrates how subsumption works. This foot long robot 
consists of six legs and sensors consisting of two whiskers and 
six infra-red ‘eyes’. Each of the six legs has two electric motors, 
one, the Alpha motor, moving the leg backwards and forwards, 
the other, the Beta motor, lifting the leg up and down. Each leg 
has its own microcontroller which controls the movement of that 
leg and monitors the sensors associated with it, using a system 
of augmented finite state machines within the software. 

The processor on each leg spends most of its time checking 
the leg’s position and maintaining the correct attitude to keep 


the robot standing. All the leg processors work independently 
and the robot will walk or run in response to a signal from a high 
level processor. This processor will send a ‘walk’ command to 
each of the legs, but does not actually co-ordinate them. 

Co-ordination is achieved by interaction between the various 
‘leg’ processors and the system learning to walk in the most 
efficient manner. To do this, each leg experiments with a set of 
basic behaviours to see what the neighbouring legs were doing 
and whether, as a result, the body fell down or not. With this. 
learning systern Ghengis learnt how to walk with a proper alter- 
nating tripod like gait, in about one and a half minutes. 

This shows how a properly designed subsumption system 
can acquire complex behaviour patterns, without any need to 
have those patterns pre-programmed into the system. A simple 
insectoid like Ghengis us uses just two levels of processor hier- 
archy, but there is no 
reason why much more 
complex systems should 
not be built which use 
many more layers. 

This is a concept 
which runs contrary to 
the popular ‘folk 
psychology’ concept of 
a centralised, ail 
powerful, all- control- 
ling, conscious mind. 
Instead, subsumption 
sees intelligence as a 
distributed hierarchical structure. Indeed, 
subsumption architecture systems have 
already been built which incorporate ‘beliefs’ 
and ‘motivations’. However, alot of — 
researchers believe that, at higher levels, 

Ai, more traditional approaches will be found 
more seesiaenlahe. 

It should always be remembered that Al and robotics are 
littered with intellectual minefields. The big success story of 
today might turn out to be a forgotten technique tomorrow, 
although it has to be admitted that we have come a long way 
since Shakey, the first mobile robot, wondered around a lab at 
Stanford University over twenty years ago. 


Where Animatronics meets Robotics 

In this article, | have briefly looked at some of the current tech- 
nical developments in both animatronics and robotics. It is true 
that animatronics is only a high tech form of puppetry and, as 
such, is dismissed by many in robotics, but the development of 
animatronics performs several valuable functions. It acts as a 
test bed for the complex mechanical and actuator systems 
which will be needed by future generations of robots. It is a test 
bed with the emphasis on reliability and safety, two very impor- 
tant factors in future robot development. The other valuable 
function performed by animatronics is a public relations role. 
They remove the often irrational fear so often associated with 
the word ‘robot’. 

In the future, of course, animatronic systems will incorporate 
many of the advances being made in robotics. Work in the area 
of subsumption should be of particular interest to animatronic 
system developers and it is probably only a matter of time 
before free roaming animatronic/robotic systems are being 
produced. | am sure that at this very moment someone, some- 
where, is thinking about the practicality of producing a robotic 
Jurassic Park. 
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he problem with filament lamps is that they 
eventually fail. Car bulbs are especially vulner- 
able due to the bumping and vibration which 

they experience during the normal course of 
driving. The ability of these bulbs to survive in such a hostile 
environment has improved over the years, but they still rank 
as one of the most unreliable components in the car’s elec- 
trical system. 

The law requires that all lights be kept in good working 
order and the annual UK MOT test will be failed if a lamp does 
not work properly. In theory, all lights should be checked . 
before the start of a journey. However, there will be difficulty 
testing the brake lights, unless an assistant is available to press 
the pedal. Many readers will therefore find the Brake Light 
Monitor makes a worthwhile and inexpensive add-on unit. It 
detects filament failure when it happens and provides an 
audible signal in the form of a high-pitched bleep each time the 
brake pedal is pressed. If the driver carries a spare bulb, the 
problem can be corrected before any significant danger or 
inconvenience has been caused to other road users. Note that 
the warning does not indicate which of the brake lights has 
failed - only that one of them has done so. This is not thought 
to be a problem, as the faulty one will soon be located once 
the signal has been given. 

The Brake Light Monitor is simple to construct. It does not 
involve breaking any wires to insert components and will not 
cause the lamps to go off if the unit itself fails for some reason. 
It imposes no drain on the battery while the car is left parked 
because it draws current only while the brake pedal is pressed. 
Any small plastic box of sufficient size may be used as an enclo- 
sure and this may be sited under the dashboard in an incon- 
spicuous position. The specified internal buzzer will sound 
clearly above engine and other noises. 


L 


18 


Stay 

within the 

law with Terry 
Balbirnie’s light 
checking circuit 


It is likely that the circuit could be used to monitor other car 
lamps, such as side and tail light bulbs, but this has not been 
tried and readers would possibly need to experiment to obtain 
reliable operation. 

Before constructing this circuit, it would be wise to check 
that the unit will be easy to fit to the car. Access is needed to 
the foot brake switch wires and to the wiring at either stop 
light at the rear. On most cars, the foot brake switch is located 
above the brake pedal itself and easy to find. It will be neces- 
sary to run a wire from this position and from the brake light to 
the main unit. Check that it will be possible to route these 
wires unobtrusively. 


Basic Theory 

Operation of the Brake Light Monitor relies on the voltage 
developed across a resistor when it carries current. This is 
referred to as the voltage drop. Figure 1a shows a 12V battery, 
bulb and resistor connected in series. In this example, the 
resistance of the lamp fila- 
ment is 11W and that of the 
resistor, 1W. A total resis- 
tance of 12W is therefore 
connected across the 12V 
supply. Ignoring the internal 
resistance of the battery 
and the small resistance of 
the connecting wires, the 
current can be predicted by 
Ohm’s Law which states: 


Fig. 1a Brake Light Monitor. 
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Where | is:the current, V is the supply voltage and R is the resis- 
tance. The current (flowing through both the lamp and resistor) 
is therefore 1A, Ohm’s Law can be applied again but this time 
to the lamp alone, using the re-arranged version of Ohm's Law: 


This calculates the voltage developed across the bulb to be 
11V and there will be 1V appearing across the resistor. 
Assuming the bulb is designed to operate from a 12V 
supply, it would be dimmed somewhat. Now consider 
Figure 1b, which shows an automotive circuit in which a 
12V lamp operates through a length of wire from the 
supply. The car chassis (metal bodywork) forms the return 
connection to the negative battery terminal. Here, the 
resistor in Figure 1a is replaced by the resistance of the 
connecting wire itself. Although smail, this is significant - 
typically around 20 millionms (0.02 ohms) per metre (3ft 
approximately) depending on its thickness. Over a run of 
3m of wire (a typical length), a resistance of 6OmW could 
therefore be expected. 


Fig. 1b Brake Light Monitor. 


A standard brake light bulb rated at 21W requires a current 
of 1.75A - that is, 3.5A for the pair. Using V = | x R again, a 
voltage drop of some 200mV may therefore be expected over 
3m of wire. This will be halved to around 100mV when one of 
the lamps fails, since the current is halved. The voltage across 
the bulb(s) will therefore be nominally 11.8V with both operating 
and 11.9V with only one. The dimming effect here is negligible 
which is important in practice. With a monitoring circuit adjusted 
to trigger above about 11.85V it will remain off with two lamps 
illuminated but will operate when there is only one. 

In the circuit to be described, the operating voltage threshold 
is adjusted to suit the length of wire over which monitoring takes 


EARTH POINT 
(T82) 


Fig: 2 Circuit diagram. 
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place. As long as the monitoring points are close to the brake.~* 
light switch and one of the brake lights, there will be sufficient 
voltage drop for correct operation. 


Circuit Description 

The circuit is shown in Figure 2 and this uses IC1 as its main 
component. This is an operational amplifier used as a 
voltage comparator. Although various general purpose op- 
amps could be used here, the inexpensive and robust 741 
type works perfectly well. When the non-inverting (+) input 
voltage exceeds the inverting (-) one, the output (pin 6) is 
high. Otherwise, it will be low. In this circuit, the inverting 
input (pin 2) voltage is determined by the setting of preset 
potentiometer, VR1. Fixed resistor, R2, limits VR1 operating 
range and, with the values stated, this can be adjusted 
between nominal limits of 11 and 12V. The non-inverting 
input (pin 3) voltage is that existing across the brake light 
bulbs, R1 has virtually no effect and is included simply to 
prevent an excessive current flowing in the event of some 
catastrophic failure. VR1 will be adjusted to provide the 
correct threshold voltage at the inverting input. Thus, the 
inverting input voltage will exceed the non-inverting one © 
(output off) when both lamps are operating, but when a fila- 
ment fails, the conditions will reverse and the output will 
become high. While high, current enters the base of tran- 
sistor, Q1, through R3 and buzzer, BUZ1 operates. With the 
741 op-amp, the output is 
about 2V when the device 
is nominally off. Fixed 
resistors R3 and R4 form a 
potential divider which 
scales down this output 
voltage so that the tran- 
sistor is not turned on 
under these conditions. 
Note that the circuit 
receives its feed and there- 
fore draws current only 
while the brake pedal is 
pressed, 

In the normal course of 
operation, the supply 
voltage will vary between 
around 10.5V and 14V, but 
this will not affect correct 
operation. This is because 


1e1 Te2 TBs the voltages applied to the 
op-amp inputs are effec- 
Fig. 3 Component Layout. | _ tively derived from potential 
dividers connected across 


the supply, so as this varies, 
the input voltages will rise and fall in sympathy. Thus, 
the operating conditions will remain virtually the same. 


Construction 
All the components for the Brake Light Monitor are 
mounted on a single-sided printed circuit board apart 
from the 3-way piece of screw terminal block which. 
is used for the external connections. Figure 3 shows - 
the component view (parts placement diagram) for... 
the PCB. ; 
Begin by drilling the two mounting holes as indi-.. . 
cated. Solder the components in the following order. 
Firstly, the IC. socket, then the preset.and all fixed... 


Fig. 5 Layout for typical brake system, 


Fig. 4 Wiring Up diagram. 


resistors, flat with the board. Add the transistor and buzzer, 
observing the polarity. Solder 5cm pieces of light-duty stranded 
connecting wire to the three pads for terminal block connec- 
tions, as indicated. 

Prepare the box by drilling holes in the base to correspond 
with those already made in the circuit panel and for terminal 


block mounting on the side. Drill a hole for the wires passing 
through the box to the terminal block. Mount the panel on short 
plastic stand-off insulators and attach the terminal block using 
small fixings. Pass the wires through the hole in the box and, 
shortening them as necessary, connect them as indicated in. 
Figure 4. Drill a hole in the lid above BUZ1 position for the 
sound to pass through. Insert the IC into its socket. Adjust VR1 
to approximately mid-track position. Do not fit the lid yet. 

It would be wise to disconnect the car battery positive 
terminal as a precaution against short-circuits. If a security 
coded radio is fitted it may be more appropriate to simply 
remove the fuse feeding the brake lights. This is because if one 
of these radios is left without a supply, it ‘loses’ its code number 
and this would have to be re-entered when the supply was 
connected again. Refer to Figure 5 which shows the layout of a 
typical brake light system. Locate the brake light switch and 
identify the wires leading to it. You will need to make a connec- 
tion to the wire which runs to the brake lights. Similarly, find a 
suitable place to make a connection to the wire leading to the 
live side of either brake light. Alternatively, this could be done at 
the existing connector where the wires divide to feed the indi- 
vidual lamps. The important point is that monitoring should take 
place over as long a distance as possible and with both lights 
being fed through most of the wire. Decide on the final position 
of the unit and measure the two pieces of wire needed to reach 

between these positions and the terminal block. Automotive- 


type wire must be used, although it can be of any light-duty 
type since only very small currents flow in it. Make the actual 
connections using Scotchloks. These are available from any car 
accessory store and allow permanent connections to be made 
to existing wiring without actually breaking into it. Connect the 
wires to the terminal block - TB1 to the switch wire and TB3 to 
the lamp. Connect TB2 to an existing earth point. If no such 
earth point can be found, drill a small hole in a metal part and 
use a solder tag secured with a self-tapping screw. 


Testing 

Testing is simply a matter of adjusting VR1 for correct opera- 
tion. Removing a bulb will simulate failure of its filament. With 
both lamps in position, re-connect the supply and press the 
brake pedal (it may be necessary to switch on the ignition). The 
buzzer will probably sound. Rotate VR1 wiper clockwise (as 
viewed from IC1 position) until it just fails to do so. If when the 
brake pedal is pressed the buzzer fails to sound, rotate VR1 
anti-clockwise until it does, then clockwise until it just stops. 
When correctly adjusted and with both bulbs intact, the buzzer 
will not sound. With one bulb removed, it should sound when 
the brake pedal is pressed. Check operation several times and 
with the engine running. Make any small adjustments as neces- 
sary. Fit the lid. With the engine running, the buzzer may give a 
slightly warbling tone. This is due to the unsmooth charging ~ 
system output and may be ignored. The box may be mounted 
behind the dashboard and forgotten. 

Failure of a filament is signalled by a continuous tone when 
the brake pedal is pressed. Intermittent operation indicates poor 
connections such as those due to loose connectors or 
corroded lamp holders. 


Resistors 

R1 22k 

R2 220k 

R3 3k9 

R4 1kO 

VR1 22k 
Semiconductors 
IC1 LM741CN 
Q1 ZTX300 
Miscellaneous 
BUZZ1 — Solid state PCB mounting buzzer - 12V oper- 


ation 23mm diam. 5mA operation. Frequency 3.5kHz. 
(Maplin KU58N) 

8-pin d.i.|. socket : 

3A screw terminal block - 3 sections required 

Plastic box 75 x 50 x 25mm (Maplin FK73Q) 

Printed circuit materials. Connecting wire, automotive-type 
wire, Scotchloks, stand-off insulators, small fixings, etc. 


Buylines 

All components used in the Brake Light Monitor are 
readily available and were obtained from Maplin for the 
prototype. Any bipolar 741-type op-amp should be suit- 
able. The buzzer should have 17-18mm spaced pins to 
fit the PCB. 
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The Experimenter's | 


complex 
language but 
fortunately, like all 
languages, program- 
ming or otherwise, you 
don’t need to know 
every aspect of it to 
use it effectively. Itis a 
language based on 
‘words’, each word 
carrying out some low 
level function, and 
words can call other 
words to produce more 
complex functions. 
Most of the words 
are built into the 
firmware, Using the 
board is simply a matter 
of defining your own 


words, to suit your needs. Apart 
from leaming some of the built in words 
and what they do, there are two fundamental 

concepts which must be (at least partially) under- 


omputer 


Jim Spence’s project to build a low cost 
FORTH control computer. 
Part 2 looks at the control software 


nnnsssencceconnset tie HE 
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stood - the stack and 
post fix notation. 


ok [H] 
12 ok-1  ([H) 
20 30 . ok-3 
S 
top 
30 
20 
12 
ok-3 


[H] 


(H] 


The Stack 

The most fundamental 
thing about the FORTH 
language is the stack. 
Think of this as the 
spring loaded plate 
holder at a self service 
restaurant. As you take 


a plate from the stack of 

plates, the others rise and - 
the next one comes to the 

surface. If you put a plate onto 


the stack, the other plates are pushed down. Instead of plates, 
we use numbers, 16 bit numbers to be precise and the first one 
in is the last one to come out. 

To get a feel of this type 12 (greater than)ent(less than) 
(greater thanjent(less than) is the enter or return key on your 
terminal). The board will respond with ok-1 [H], the 1 meaning 
there is one item on the stack and the [H] indicating that the 
numbering ‘BASE’ is set to HEX. Now type 20 (greater 
than)space(less than) 30 (greater than)ent(less than) and the 
response should be ok-3 [H], meaning there are three items on 
the stack. To verify the contents of the stack type .s (dot-s) - 
see Box 1 

The .s (dot-s) prints out the stack contents and we can see 
that the top of the stack is 30, which was the last one in and the 
bottom of the stack is 12, which was the first one in. The basic 
unit of language in FORTH is the WORD and .s (dot-s) was one 
of these words. Most words consume one or more items of 
stack. Try . (dot). The function of this word is to print the 
number on top of the stack to the terminal. Notice now that you 
have only two items left on the stack. . 


Postfix Notation 

| suppose this is what puts most people off even trying this 
language, but it is well worth the effort of getting to grips with. 
So what is it? Well, in normal algebra, we use the INFIX nota- 
tion, i.e. 2 + 2 = 4. The bit that does the work, the ‘+' sign, is in- 
between the numbers, hence infix. PREFIX languages such as 
LISP have the operator in front of the number, i.e. + 2 2. The 
space between the 2s distinguish them from a twenty-two. As 
you may have guessed by now, in POSTFIX the operator comes 
after the numbers, i.e. 2 2 +, This notation does, believe it or 
not, have advantages over the infix notation, but readability is 
not one of them. The best way of looking at it is to say that the 
job of the ‘+’ is to take two items from the stack, add them up 
and leave the result on the stack. You can try this by entering 2 
(greater than)space(less than) 2 (greater than)ent(less than) OR 
2 (greater thanjent(less than) 2 (greater than)ent(less than) which 
will put two 2s on the stack. Notice that either the enter key OR 
a space will act as a separator (delimiter) between items. Now 
type + and then . (dot) to view the result. As you can see the ‘+’ 
did its job. 


22 ok-2 [H] 
+ ok-1 [H] 
. 4 ok [HJ 


Input Output 

Now to get to some real control stuff and test the board at the’ 
same time: Taking output first and'referring to Table 1, we can 
see that IC8 is an 8 bit output port at address 0. The word for 
output is P! (p-store). This word expects two items on the stack, 
the first being the value you want to output and the second, or 
top item, the address where you want the first item to go. 
Incidentally, although the words are shown in upper case, this - 
version of FORTH is not case sensitive. 

Type 0 0 P! (greater thanjent(less than) and. all the lines of the 
port should go low. Now type FF 0 p! and all the lines should go 
high. Check this with an LED, meter or logic probe. 

The default number system of this board is HEX, but if you 


prefer to work in decimal, simply type DECIMAL and the above ~ 


instructions would translate to 0 0 p! and 255 0 PI respectively. 
You can work in any numbering system you like, by altering the 
variable BASE, For example typing 2 BASE ! (two-base-store) 
will place the value 2 into the variable BASE - now you will be 


working in binary. 

The word for input is Pfat sign) (p-fetch). This requires the 
address of the port on the stack. Pat sign) will replace the 
address given on the stack with the contents of the address. 
IC7 has an address of 4, try 4 P(at sign) (greater than)ent(less 
than) and then print the contents out with . (dot). With nothing 
connected, this usually returns FF or 0, Try the same thing 
again, keeping one line held low and observe the results. Don’t 
go overboard on this just yet, as adjacent lines tend to pick up 
each other values. 


Writing Your Own Words 

The real power of this language is being able to write your own 
words. We do this with the : (colon) and ; (semi-colon) words. In 
the above input example, we can define a word, say INA, which 
will input the port at address 4. This is done as follows 


: INA 4 P(at sign) ; 


The board will respond with an ‘ok’. Note that there must be a 
space between the : and the INA. We can now use this word by 
simply typing INA, which will leave the contents of the port on 
the stack which we can look at by typing . (dot ). Once defined, 
it can be used in other colon definitions. For example, suppose 
we wanted to see the contents of the port rather than leave it 
on the stack. We can define a word as follows 


t .INA. ; 


Again the board will respond with an ‘ok’. | have called the new 


~ word .INA ( dot-ina ), by convention words that print something 


usually begin with a dot. The action of the word is to use INA to 
get the contents and then print them out using the . (dot) word. 
Now, when we type .INA, the contents of the port are printed at 
the terminal. 

In a similar way, we can write a word to output to per 
address 0 by typing 


: OUTA 0 p! ; 


| have called this word OUTA. In this case, when using the word 


we have to be careful because OUTA expects you to put the 
value you want to output onto the stack before calling it. So, 3 
OUTA (greater than)ent(less than) would put lines 0 and 1 high 
and the rest low. Now try the following code 


: REFLECT 
BEGIN ' 
KEY? IF ABORT ENDIF 
INA OUTA 
AGAIN 
7 ok [H] 


In the above word REFLECT, the output port will reflect the 
input port, until you press a key at the terminal. If you hold line 0 
low on the input, the output will also go low. The words BEGIN 
AGAIN would normally keep the word REFLECT in an endless 
loop, but each time it goes round, the terminal is tested with the 
word KEY? This will return a TRUE value if a key has been 
pressed at the terminal, thus activating the IF mah and stextg 
the program. 

To understand this and the operation of the stack, KEY? will 
either put-a 0 or 1 onto the stack. After this, IF consumes the 
top value of the. stack which will, of course, be either a 0 or 1 
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left by KEY?. If the value is 0 (false) then nothing happens and 
the IF is bypassed. If the value is 1 then the words between IF 
and ENDIF will be executed. In this case it is ABORT. 

Once again be careful - to see the true results you must 
control all the lines, The HC devices are very sensitive to signals 
on adjacent lines. 


Warm and Cold Start 

The first time the board is switched on with undetermined 
contents in the RAM, the firmware will initialise with a cold start, 
ready to receive your programs. After this, with the battery 
connected, pressing reset or switching off and on again, the 
board will perform a warm start. Anything you have 
programmed into the board will remain intact, ready to use 
again. If you want to start again, you can type the word COLD, 
which will perform a cold start, or disconnect the battery, switch 
off and then on again, although with this method | found | had to 
short out the power supply pins to the RAM in order to make it 
forget! 


Loading Programs 


After a while, you will want to write down the programs you 
write and use a text editor. It’s not practical to type everything in 
at the terminal, as this is error prone and laborious. All COMMS 
programs will upload text files after some fashion or another and 
| used the Terminal program provided free with Windows and 
the notepad as a text editor, 
also provided free with 
Windows. A word of 
warning here, TABS are not 
recognised by the board 
and will cause an error, SO 
make sure you use spaces, 
or that the text editor 
converts the tabs to spaces, 
Notepad doesn’t. 

The COMMS program 
should be set to send one 
line at a time and then wait 
for a control A (hex 01) 
before sending another line. 
Terminal can be set to do 
this-and so can QMODEM, 
a shareware COMMS 
program. 

At the terminal, type 
LOAD and the board will 
wait for you to send the file. 
If you change your mind 
simply type (greater 
than)ent(less than) and then 
‘end (semi-colon-end) which 
will terminate the file 
transfer. As an example type 
the following into the text 
editor 


Teminal setup in Windows 


\ Alternate pulse all 
output. lines 


: outa 0 p! ;. ( 
output port A ) 


: delay £00 0 do loop 


7 =©( short delay ) 


: pulse ( Pulse-all round ) 
FF 0 do ( 0-to FF ) 
delay ( delay ) 
i outa (- get number and output } 
loop ( again } 
end 


The word PULSE will step through all the combinations from 0 
to 255. The words OUTA and DELAY must have been previ- 
ously defined. Comments can take two forms, anything 
following a slash \ ON THAT LINE will be ignored and anything 
in brackets-space will be ignored. Note that it is a bracket 
followed by a space, not simply a bracket and likewise a closing 
bracket followed by a space terminates the comment. 

The DO — LOOP structure is very similar to the FOR NEXT 
loop in BASIC. The ‘i’ is the index and when used it places the 
current index on the stack. So, the first time round i will place 0 
on the stack, the next time 1 and so on. We have already seen 
the action of OUTA, which is to take a value from the stack and 
output it. The final ;end terminates the loading and is only 
required when uploading files from the terminal. 

Type LOAD and you.will get a message, then start your 


Forth power-up screen 
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upload. As each line is loaded, it is echoed to the terminal. This 
is useful if you have any errors, as you can more easily see what 
caused the error. You can switch this off by typing LOG-OFF 
first. Only dots will appear as lines are loaded and this will speed 
up the transfer. 

You may have noticed by now that if you define a word twice 
you get a warning. This is simply a reminder to yourself that you 
are using the same word twice. There is a word FORGET, 
which is used in the form FORGET WORD, which will do just 
that. 


ok [H] 
forget pulse ok {H] 


| hope you will notice that almost every line | have given is 
commented, Get into this habit, it takes a little longer loading 
but occupies no program space on the board. Six months later 
your programs have a chance of making some sense. 


The Assembler 

FORTH, because it is compiled, is much faster than BASIC. 

However, nothing is as fast as the native machine code and in 

some instances strict timing may be required, which can only be 

achieved at machine level. 
Traditionally, FORTH assemblers have used Postfix notation 

and so Id a,12 becomes a, # 12 Id. Again this has its advan- 


Forth program using ‘CUBE’ to generate list of cubes 


tages but | find assembler hard enough without having to trans- 
late it to this odd notation. The assembler included in this 
firmware is very close to a standard assembler, so Id a,12 
becomes ld a,12, i.e. it’s the same. The main differences are 


Comments are preceded by \ and not by a; 

Labels are preceded by L: example L: label 

EQU is not supported 

The BIT instructions are not supported (use AND, OR instead) 
Numbers must be in upper case, i.e. A84D not a34d, The first is 
taken to be a number the second is a label. 

CREATE and ;CODE not fully implemented ; 

Labels are truncated to 6 characters and the maximum number 
of labels in any one word is 10 


FORTH uses BG, IX, SP and IY. These must be preserved if you 
want to use them and return back to FORTH. 


A Simple Example 


:code plus 
. \ Get top item 
\ get next item 
\ Add them 
\ put result on 


add hl,de 
push hl 

stack 
;end-code 


Define a word called PLUS, 
which takes the top two 
items from the stack, adds 
them together and places 
the result on the stack (i.e. 
same as ‘+’) 

Use in the form 2 2 plus. 
Note now how the word 
PLUS is defined within 
:code (colon-code) and 
send-code (semi-colon 
endcode) These are directly 
equivalent to the colon and 
semi-colon used for 
defining FORTH words. In 
the example, notice how 
the machine stack is used 
for storing the values. The 
DE register can be used 
freely and the HL register 
can be used, but only in the 
same definition. 


A More Complex 
Example 


\ Assembler example 


\ This code will wait 

until input port bit 

0 

\ goes low. 

:code waita - 

1: waitl 

\ define a label 
in, (4) 
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\ Get input port A 
and 1 
jr nz,waitl 
low 
;end-code 


cest 


\ mask all but bit 0 
\ wait until bit 0 goes 


cr .” Waiting for input’ 


waita 


er ." Input occurred” 


yend 


In the above example, when you type TEST the machine will 
print the line ‘Waiting for input’ and hang until bit O of port A 


Z80 assembly code programming in Forth 


goes low, when the 
other message will 
occur, ‘Input occurred’. 
The things to notice 
about this are that the 
assembler is defined 
between :code and 
;end-code and you can 
call assembly code the 
same way you can call 
a FORTH word. 
Incidentally, you could 
have typed WAITA itself 


- there is no require- . 


ment to call it from: 
another FORTH word, 
Two new words have 


been introduced and these are CR, 
which is simply carriage return and 
.” (dot-quote) which prints to 
the terminal the text between 


the quotes. Note that there 


must be a space after the .” 


Stand Alone Running 
As you have, seen the board does not forget anything 


you have done unless the battery goes flat, you use the word 
FORGET or you type COLD to initiate a cold start. There is a 


further enhancement with this, in that it can be made to perform 
a word of your choice at start up. All FORTH applications even- 
tually culminate in one word which runs the application, no 
matter how big the program is. In a serious application, this 
word will be a closed loop program which may or may not 
involve the terminal. In fact, all you need to do is add a : 
keyboard and a display to this board, along with some software 
and you have a portable terminal. 

For this example, we will not have a closed — application 
but one that simply signs on and lets you get on with the normal 
running of the board 


\ Sign on message example 


: application 

or on 

." This is my sign 
on message “ 

er 


Type in the above and test it 
by typing the word APPLI- 
CATION. You should see 
the sign on message. To 
make the word, “APPLICA- 
TION” run at switch on or 
reset, you need to do two 
things. 


1) Type ASSIGN APPLICA- 
TION TO-DO JOB (greater 
thanjent(less than) 
2) Type AUTO (greater 
thanjent(less than) 


Auto will give you a 
reminder to do number 1, it 
does not matter which order 

- you do them in. Now press 
reset, or switch off then on 
again and your message will 
appear. 

You may assign another 
word to JOB at any time 
after this to run a different 
application. If you want to 
switch off the automatic 
running of the program, 
then type AUTO-OFF or 
COLD. 


Conclusion 
The words used in FORTH are like key 
words and functions in BASIC 
and a list of these words is 
called a glossary. There are 
many books written about 
i FORTH and this implementation 
follows, with some exceptions, the 83 
standard of direct threaded code. Most 
'/ of the words found in a glossary in one of 
these books have been implemented. Table 
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2 shows words which will only be found on this board. The experimenting with devices to see how they work. A good 


FORTH was compiled into ROM using a cross compiler example of this is stepper motors. Its surprising how much you 
supplied by MPE Engineering, 133 Hill Lane, can learn about their characteristics by using FORTH to try 


Shirley, Southampton, Telephone 0703 ‘what if situations. As far as largish applications are concerned, 
631441. Books and other FORTH 4 | find that for some reason FORTH tends to get out of hand and 
systems can be obtained from this | prefer to use assembler. 

company The Assembler has One of the major criticisms of FORTH is that it 
been added by myself and | produces ‘write only’ code. | can only 
have removed the words agree with this as, even If you 
concerning disk document your code 
access, which are Paes f fairly well, you can do 
not applicable for PA — such complex things 
this board. The F mY, that it is difficult to 
auto running and read later on. 

loading extensions have also FORTH is such a chal- 
been added by myself. The lenge that it is possible to 
compiled code occupies just under 20k simply develop programs as 
with the assembler taking over half of this purely intellectual exercises, in 
space. much the same way as pure maths is 
On a personal note, | would recommend FORTH for used. You'll either love it or hate it. 


Words only used by this board. 


LOAD Waits for the terminal to send words until an LOG-OFF After using this word, during a file transfer the 
error is encountered or the input is terminated file contents will NOT be echoed to the screen. 
by ;END. To give the compiler time to respond, Each line transferred will be replaced be a dot. 
the terminal should not send another line until it © HLOAD This will load a machine code file in INTEL HEX 
receives a CTRL A (hex 01). format to memory. 

| ‘END Correctly terminates a serial file transfer. AUTO Activates the automatic word start up (see text). 


LOG-ON After using this word during a file transfer, the AUTO-OFF Reverses the effect of AUTO 
file contents will be echoed to the screen. 


The firmware for this project can be supplied on a 32k 
EPROM, direct from the author at the address given below. The 
price is £15 including P&P (no VAT) and this includes a 3.5in 
MS-DOS disk with a text file containing the documentation to 
go with the EPROM. For an extra £2, the documentation can be 


supplied on paper. 


Jim Spence, 

1 Gerard Avenue, 
Morley, 

Leeds LS27 9LZ. 


FORTH - /he Language 


As Jim Spence has already stated in his article, FORTH is extremely powerful and versatile, but unfortunately not an 
easy language to learn. To make matters worse there is also very little readily available published literature on the 
language. | am therefore printing a list of the standard FORTH commands. 

When using this command list, the first thing to note is that FORTH is a stack oriented language, and the 
columns marked ‘uses’ and ‘leaves’ shows how the execution of that command affects the top of the stack. 


When writing FORTH programs it is very important that the programmer keeps track of stack usage, hence in the | 
notes that follow each command there is an indication of the state of the stack before and after the command's 


execution. 

It should be said that this is not an exhaustive list of FORTH commands, there are many more than this. But it 
should give readers some indication of how the language looks and behaves. Over the coming months, we will have 
several projects using this board and these will come with the appropriate FORTH control programs, which can be 
used as the software building blocks for more sophisticated applications. 
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Robert Penfold builds a 
simple device for testing 
Photographic shutter 


speeds 


lectronic test equipment is no tonger restricted to 
testing electronic components and equipment. In 
the modern world electronic test gear is used to 
check just about everything, including things that are completely 
non-electronic in nature. This project is an example of an elec- 
tronic testing device for a piece of non-electronic equipment. 

It is primarily intended for checking the timing of focal plane 


shutters in single lens reflex cameras. However, it works equally’ 


well with most rangefinder or viewfinder cameras which have 
interchangeable lenses and focal plane shutters. The only 
exceptions are Leica screw-mount cameras and close copies 
such as the Russian FED. The backs of these cameras are 
fixed, making it impossible to get the shutter timer’ S sensor into 
position behind the shutter. , 
Cameras of this type require 
the shutter to be removed 
from the body for testing 
(which is something that 
should only be undertaken by 
a Suitably experienced camera 
technician). The timer also 
seems to work quite well with 
large format lenses, which 
have built-in leaf shutters and 
most compact cameras which 
have leaf shutters. When used 
with a focal plane shutter, it 
will measure the effective 
shutter speed at any point on 
the focal plane. It can, therefore, be used to check for uneven 
exposure due to one shutter curtain operating at a higher 
velocity than the other. 


Resolution 

For this application, it is not essential to have a very high degree 
of resolution, because the tolerances allowed on shutter times 
are surprisingly generous. An analogue read-out would give 
perfectly adequate accuracy, but these days a three or four digit 
counter circuit probably costs no more than a moving. coil panel 
meter of reasonable quality. Also, this application lends itself 
well to the digital approach. The unit finally evolved with a four 
digit LED display and three measuring ranges. These have full 
scale values of 99.99 milliseconds, 999.9 milliseconds, and 


9.999 seconds. An overflow LED is included. 

With most cameras, it is possible to check all the shutter 
speeds using this tester. The only cameras which go beyond its 
capabilities are those which have marked shutter speeds 
beyond 9.999 seconds, but only a few modern cameras fall into 
this category. The Canon EOS RT, for instance, has a maximum 
shutter speed setting of some 30 seconds. The maximum limit 
of 9.999 seconds is not really a major limitation since longer 
shutter times are easily checked against a clock or watch with 
seconds indication. 

At fast shutter speeds, the 0.01 millisecond electronic reso- 
lution of the unit comfortably accommodates most cameras. 
However, it is not the electronic resolution that is likely to be the 
main limitation when checking 
fast shutter speeds. The way 
in which focal plane shutters 
operate makes it difficult to 
produce precise measure- 
ments on the faster settings, 
The basic scheme of things is 
to have two fabric or metal 
shutter curtains. With the 
shutter cocked, one of these 
is in place in front of the film 
to prevent exposure. This 
curtain rapidly moves out of 
the way when the shutter is 
fired. After the appropriate 
period the other curtain 
moves into place in front of the film to end the exposure. 

This method works well for long shutter times, but the finite. 
speed at which the shutter curtains move becomes problematic 
at short shutter durations. The time taken for the first shutter 
curtain to move out of the way and fully expose the film varies 
from one camera design to another, but it is generally between 4 
and 30 milliseconds. It takes the same time for the second curtain 
to move into place and close the shutter. In order to obtain fast 
effective shutter speeds, the second curtain must start to close 
the shutter before the first curtain has fully opened it. 

' This gives what is effectively a slit moving across the film 
plane, with the shutter speed being controlled by varying the 
width of the slit. The faster the shutter speed, the narrower the 
slit. It is for this reason that normal electronic flash is unusable 
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on the.higher shutter speeds. With the shutter never fully 
opening, the flash can only expose the part of the film that is 
revealed by the shutter at the instant the flash fires and this 
could be less than 10% of the full frame area. 

Although each crystal of the film’s emulsion might be 
exposed for precisely the correct length of time, the duration of 
each exposure is relatively long. At a thousandcth of a second, 
any point on the film will be exposed for about 1 millisecond, 
but it would typically take around 15 milliseconds for the shutter 
to produce the complete picture. Checking the effective shutter 
speed at the film plane, therefore, requires a sensor that has a 
very small light sensitive area. 

A focal plane shutter will typically produce a slit about 3 or 
4mm at the highest shutter speeds, so even something like a 
8mm diameter phototransistor has quite a wide detection area, 
relative to the width of the slit. This tends to give a relatively long 
output pulse from the sensor and significantly elongated shutter 
timings. The phototransistor used in the prototype timer has a 
width of 1mm, which gives reasonable accuracy. However, 
even using a sensor as small as this it is possible to obtain 
greater accuracy by masking it to give an even smaller effective 
detection area. 


New Leaf 

Leaf shutters are normally fitted within a multi-element lens, 
although in some cases they are mounted immediately behind 
the lens. They operate in a manner which is similar to the 
diaphragm which controls the effective lens aperture. Normally, 
the shutter is stopped right down so that no light can pass, but 
when triggered, the shutter rapidly opens up and, after the 
appropriate time span, it then closes right down again. In prac- 
tice, the shutter blades are quite an elaborate shape so that the 
semi-opened shutter produces a sort of six pointed star shape. 
This ensures that the shutter has little effect on the effective 
aperture of the system by using the full diameter of the lens, 
even when the shutter is not fully opened. 

Measuring the effective speed of a leaf shutter also tends to 
be problematic. At the highest shutter speed, the shutter opens 
and then almost immediately closes again. A typical leaf shutter 
has a maximum shutter speed of 1/500th of a second, but the 
shutter would typically be open to significant degree for about 3 
milliseconds rather than 2. The exposure given is still quite 


Fig. 1 The shutter timer block diagram. 


accurate, because for much of the 3 milliseconds the shutter is 
effectively stopping down the lens to some extent. 

This unit is not primarily designed for testing leaf shutters and 
has no way of combating this problem of elongated timings at 
fast shutter speeds. You simply have to allow for the fact that 
the indicated times will be up to about 50% too long at the 
fastest shutter speed. 


System Operation 

The timer uses a simple pulse counting technique, with the 
camera’s shutter and optical sensor generating the gate pulse. 
Figure 1 shows the block diagrarn for the shutter timer. 

A crystal oscillator and divider chain generates clock. 
frequencies of 100kHz, 10kHz and 1kHz, which give the unit its 
three measuring ranges. A switch is used to select the required 
clock frequency. The sensor is a phototransistor and, in use, 
this is aimed at a bright light source via the camera’s shutter, 
The phototransistor drives a switching transistor which gener- 
ates a logic compatible output. This stage controls a simple 
logic gate circuit. Under stand-by conditions, the phototran- 
sistor receives a relatively low light level and the gate blocks the 
clock signal. When the shutter is open, the phototransistor 
receives a higher light level and the gate couples the clock 
signal through to a counter circuit. 

The counter is a basic four digit type which drives seven 
segment LED displays. Using the 1kHz clock signal, the 
counter obviously registers shutter times in milliseconds and 
therefore handles a maximum shutter time of 9999 millisec- 
onds, or 9.999 seconds. Using the 10kHz clock signal 
increases the resolution to 100 nanoseconds, but the 
maximum time that can be accommodated is reduced to 999.9 
milliseconds. Similarly, using the 100kHz clock frequency 
improves the resolution to 10ns, but with a maximum time of 
99.99 milliseconds. A flip/flop operates an overflow indicator if 
the maximum count is exceeded. 

The circuit is designed to automatically reset itself about 3 
seconds after a timing run has been completed. This is very 
much more convenient in use than having to manually reset the 
counter. A monostable is activated by the trailing edge of the 
gate pulse and, after about 3 seconds, the output pulse from 
the monostable ends. This. falling edge is processed by a pulse 
shaper and used to reset the counter and the overflow flip/flop. 
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Fig. 2 The clock and divider stages. 


Circuit Operation 

Figure 2 shows the circuit diagram for the clock oscillator and 
divider stages of the timer. The oscillator is a conventional 
crystal type based on TR1 and operating at about 4MHz. TR2 is 


an emitter follower buffer at the output of the oscillator. IC1 is a” 


CMOS seven stage binary counter, but in this case only the first 
two stages are utilised. An ordinary 4024BE might not operate 
properly with a 6V supply and a clock frequency of 4MHz. A 
74HC4024 must therefore be used for IC1. 

IC1 produces a 1MHz output signal which is fed to IC2. This 
is the first of three divide by ten stages based on 4017BE 


decade counters/one of ten decoders. In this case, the decoder 
sections are left unused and it is only the divide by ten outputs 
that are used. These provide the required clock frequencies of 
100kHz, 10kKHz and 1kHz, with the required clock frequency 
being selected using range switch Sta. 

The main circuit diagram for the shutter timer appears in 
Figure 3. The counter is built around IC5 to IC8, which are 
CMOS 4026BE decade counters, seven segment decoders and 
drivers. These can directly drive seven segment LED displays, 
but require discrete current limiting resistors (R4 to R31). Note 
that the four displays must be of the common cathode variety 
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and that the circuit will not work with common anode displays. 
The 4026BE has a built-in gate at the clock input, making the 
use of an external clock gating circuit unnecessary. The count is 
controlled via the gate at the input of the least significant 
counter (IC8). The clock inputs of the other three counter chips 
are wired to ground so that they are permanently enabled. 

IC9 is a CMOS dual D type flip/flop, but inthis circuit only 
one section of the device is used. This is used as the basis of 
the overflow indicator. The clock input of the. flip/flop is fed 
from the ‘carry out’ output of IC5. The data input of IC9 is 
connected to the positive supply rail. If an overflow occurs, IC9 
is fed with a clock pulse which results in the high level on its 
data input being latched onto the Q output: The Q output 
drives LED indicator D1 via current 
limiting resistor R32. 

The light detector circuit must be 
reasonably sensitive, so that-the unit 
does not require a very strong light 
source in order. to operate properly, 
but it must also operate very fast, in 
order to give good accuracy on fast 
shutter speeds, Both requirements 
are met by using a phototransistor 
(TR3) as an emitter follower, driving 
a common emitter switch (TR4). 
VR1 is a preset sensitivity control 
which is used to set a suitable light 
threshold level. 


Fig. 5 The printed circuit overlay. 


Under stand-by conditions {with TR3 in a low light level), the 
collector of TR4 is high and the clock signal is blocked. When 
the shutter opens, TR3 has a much higher leakage current, TR4 
is switched on, its collector goes low and the clock signal 
passes through to the counter circuit. When the shutter closes 
again, TR4 switches off, the clock signal is blocked from the 
counter circuit and the display shows the period for which the 
shutter was open. 

As the collector of TR4 returns to the high state, it triggers a 
monostable made up from NOR gates (IC10a and IC10b). C5 
and R36 set the output pulse duration at approximately three 
seconds. At the end of the monostable pulse, the negative tran- 
sition is coupled to the input of an inverter formed from IC10c. 
This produces a short positive output 
pulse from IC10c, which resets the 
counter and the overflow indicator. The 
unit is then ready to take another 
reading. 

Figure 4 shows the circuit for the 
decimal point switching. This is just a 
matter of driving the decimal point 
segment of the appropriate display from 
the positive supply, via current limiting 
resistor R38. The unit requires a 5 or 6V 
supply and the average current 
consumption is approximately 75mA. 
Four HP7 size cells are adequate as the 
power source. 
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Construction 

The printed circuit overlay is 
shown in Figure 5. All ten of 
the integrated circuits are 
CMOS types and, as such, 
are vulnerable to damage by 
static charges. Therefore, 
the usual anti-static 
handling precautions should 
be taken when dealing with 
these components. In 
particular, they should all be 
mounted in holders, but 
should not be fitted into the 
holders until all the wiring 
has been completed. 

The displays should also 
be mounted in holders. They 
are not static-sensitive 
components and the holders 
are needed for purely physical 
reasons. The holders raise the 
displays slightly, so that they 
fit closely behind the display 
window when the board is 
fixed to the rear of the front 
panel. Holders having two 
rows of five pins with 0.6in 
row spacing are required, but 
these might prove to be 
unobtainable. An alternative is 
to use ‘Soldercon’ pins, or 
suitable sockets can be cut 
from 28 to 40 pin DIL holders. 
From the electrical point of 
view, any high brightness 
seven segment common 


Fig. 6.Connecting TR3 to the jack plug. TR3 has no base 


Fig. 7 Details of the hard wiring 
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cathode LED displays can be 
used. However, in order to fit 
into this printed circuit layout 
correctly, the displays must 
also be 0.5 or 0.6in types 
having the correct 10 pin 
encapsulation. 

X1 is a 4MHz wire-ended 
(HC-49/U) crystal, which is 
mounted directly onto the 
circuit board. The soldered 
joints should be completed 
fairly swiftly in order to avoid 
damage to the crystal. D1 is 
mounted on the circuit board 
and its lead-outs should be 
left quite long, so that it 
projects several millimetres 
above the other components 
on the board. Do not over- 
look any of the eleven link 
wires, which are made from 
22 or 24 swg tinned copper 
wire. Double-sided solder 
pins are fitted to the board at 
the points where connections 
to the off-board components 
will be made. 

A largish sloping front case 
is probably the best choice for 
this project. The component 
pane! is mounted on the rear 
of the front panel, well over to 
the left hand side and compo- 
nent side uppermost. The 
board is held in place using 
M3 or 6BA fixings, including 


EWR Ree 


spacers to hold the board about 14 to 15mm clear of the front 
panel. This should bring the tops of the displays within a few 
millimetres of the front panel. A rectangular ‘window’ for the 
displays must be cut in the front panel. A rough initial cut-out can 
be made using a fretsaw, ‘Abrafile’, etc., with a small flat file then 
being used to tidy things up. A piece of red display filter material 
is glued in place behind the cut-out and a 5mm hole for D1 must 
be drilled at the appropriate point on the panel. 

$1, S2 and JK1 are mounted on the right hand section of 
the front panel. TR3 could be mounted in the main unit, but in 
use it is more convenient to have it fitted in a separate probe 
type assembly. This is connected to the main unit via 3.6mm 
jack connectors and a twin cable about 0.5m long. It is neces- 
sary to improvise a little with the probe assembly, but it is not 
difficult to produce a reasonably neat probe based on some- 
thing like an old ball-point pen. 

The SFH305/2 phototransistor only has two lead-out wires, 
since the base terminal is not externally accessible. The shorter 
lead Is the collector and Figure 6 shows the correct method of 
connecting TRS to the jack plug (PL1). The inexpensive SFH309/5 
phototransistor also works well in this circuit, but due to its larger 
diameter of 3mm it will not give good results at fast shutter 
speeds, unless it is masked down to a smaller effective size. Even 
with the SFH305/2 results can be significantly improved if it is 
masked down to an effective width of about 0.3 to 0.5mm. It is 
worth experimenting a little in order to optimise accuracy. 

To complete the unit, the hard wiring is added. This is illus- 
trated in Figure 7 (which should be used in conjunction with 
Figure 5), S1 is a 3 way pole rotary switch, but in this case only 
two poles are used. The four HP7 size cells are fitted in a plastic 
battery holder. Connections to the holder are made via a stan- 
dard PPS size battery clip. 


In Use 

VR1 should be set initially for about one third of maximum resis- 
tance. The light threshold level used and therefore the setting of 
VR1, is not likely to be particularly critical. If, in the light of expe- 
rience, a lower light threshold level is found to be necessary, try 
setting VR1 for a higher resistance. If a higher light threshold 
level is required, set VR1 for a lower resistance. 

For the unit to work properly, the camera must be aimed at 
a reasonably bright light source, which can simply be a torch, 
a table lamp, or even daylight coming through a window. The 
lens in the phototransistor renders the sensor quite directional, 
but it is still necessary to avoid having strong light falling 
directly onto the sensor, Where the camera to be tested has 
an interchangeable lens, it is generally easier to get thing 
working properly if the lens is removed. However, with a little 
experimentation it should still be possible to get good results 
with the lens in place. Remember to set the lens for maximum 
aperture though, so that it transmits as much light as possible 
through to the sensor. 

The ‘B' setting of the shutter is useful when trying to get 
everything set up correctly. This enables the shutter to be held 
open while the sensor position, etc., are adjusted for reliable 
operation. The sensor should be positioned quite closely 
behind a focal plane shutter, but you must obviously be careful 
not to damage the shutter. Remember to orient the phototran- 
sistor so that the shutter runs across its 1mm width, especially 
when checking the faster shutter speeds. Bear in mind that 
camera shutters are not generally very accurate, or very 
consistent. Firing a shutter several times at the same speed 
setting will usually produce variations of a few per cent from 
one firing to the next. A shutter that keeps within 20% of its 


marked speeds is considered to be very good. At the higher 
speeds, most shutters significantly over expose and you shou!d 
remember that the timer will tend to give slightly long readings 
on these speeds. Modern cameras having electronic timing 
circuits are generally more accurate and consistent than older 
cameras, which have clockwork timers. However, even some 
modern, electronically timed shutters are less accurate and 
consistent than one might expect. 


Resistors (Ail 0.25W 5% carbon film) 


R1 680k 

R2 1k 

R3 1k 

R4 to R382 390R (29 off) 

R33 470R 

R34 4k7 

R35 1k 

R36 10M 

R37 100k 

R38 470R 

| Potentiometer 

VR1 100k min hor present 

Capacitors 

C1 100n ceramic 

C2 47p ceramic plate 

C3 22p ceramic plate 

C4 100p 10V axial elect 

C5. 470n polyester 

C6 47n polyester 

Semiconductors 

TR1, 2, 4 BC549 {3 off) 

TR3 SFH305/2 (see text) 

IC1 74HC4024 

IC2, 3, 4 4017BE (3 off) 

IC5, 6, 7 4026BE 

Ic9 4013BE 

IC10 4001BE 

D1 5mm red panel LED 

Display 1,2, 3,4 7 segment LED, high brightness, 

common cathode 

Miscellaneous 

B1 6V (4 x HP7 size cells) 
ae S1 3 way 4 pole rotary (only two poles 
used) 

$2 SPST sub-min toggle 

x1 4MHz wire-ended crystal; 
ee JK1 3.5mm jack socket 
ee PL1 3.5mm jack plug 


= Printed circuit board, sloping front case about 215 x 130 
| x 78/47mm, control knob, 14 pin d.i.l. IC holder (3 off), 16 
pin d.i.!. IC holder (7 off), display holders (see text), 
battery holder for 4 x HP7 size cells, battery clip (PP3 
type), wire, solder, so!der pins, etc. 
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Palesaver 
Load/ Attenuator 


Also known as the spouse saver, this 
little project acts as both a dummy load 
and as a loudspeaker attenuator. Design 
by Dave Bradshaw 


his little unit serves two purposes. Firstly, it acts as 

a flexible loudspeaker attenuator, but secondly, it 

is also an accurate 8 ohm load, for setting up and 
testing power amplifiers, It was mainly designed for the first use, 
as an attenuator for the Paleface series of amplifiers, the second —_ Unfortunately, 
use coming as a bonus. There are three versions, with different this is easier said 


power levels: 25W, 50W and 100W. than done. 

An attenuator makes it easier to play instrument amplifiers The easy part is the first, 
at low volume levels for practising. Even the Paleface Minor’s imitating the amplifier’s output 
15W is very noisy indeed in a domestic environment. My expe- impedance, but even.this is not straightforward, Transistor 
rience, when using it for regular practice, was that cutting the amplifiers often have output impedances well under an ohm. To 
signal by a few dB just wasn’t enough. Quite a large degree of imitate this you have to put a very low resistance, say a tenth of 
attenuation was needed, particularly as some of the effects | an ohm, in parallel with the loudspeaker, but then you are not 


was using generated lots of hiss and mains hum (I’m proud to going to get very much signal going into the speaker. The 
say that the amp itself contributed hardly any). The attenuation lowest impedance the Palesaver has is slightly under 0.5 ohm, 
needed to be 10 to 15dB and there had to be an even quieter with the output level switch set to LOW and all the ballast resis- 


setting for late night use. tors out of circuit. Although this is stil!-higher than the better 
Now, using the attenuator, low level volume settings are semiconductor amplifiers, it is going to be comparable with the 

much more controllable. A slip of the finger doesn’t result in minimum impedance added by most cross over units. 

instant deafening for the neighbours. Of course, it’s not really However, valve amplifiers generally have much lower levels 

like playing loud, but it is now possible to overload the power of feedback in the power amplifier and, as a result, they have 

amplifier - and obtain the much sought-after valve distortion - much higher impedances. For example, the output impedance 

without alienating the entire family. of the Paleface Minor guitar amp varies from around 4 ohms at 


The Purpose of 
Attenuators 
An attenuator reduces 
the signal levels. The 
voltage divider, a 
common form of 
attenuator, is 
employed here with a 
few embellishments. 
i However, this attenu- 
ator has another job - 
matching imped- 
ances. Ideally, loud- 
speaker attenuators 
are two-way mimics, 
the loudspeaker 
should see the same 
source impedance as 
it would from the 
amplifier and the 
amplifier should see 
the same load. 
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# SEE TABLE FOR COMPOSITION OF Ri AND R2 


Fig. 1 The circuit diagram of the Palesaver attenuator. 


100Hz to 2 ohms at 1kHz, almost completely resistive. Here we 
will need to add extra resistance to the basic attenuator. There 
are two switchable ballast resistances to increase its output 
impedance. However, the Palesaver cannot emulate the 
frequency dependency, so a mid-value should be used. For 
example, to emulate an output impedance of around 3 ohms, 
use a single 1. ohm ballast resistor on the HIGH output setting, 
but 2 ohms on the LOW setting. 

The other aspect of a loudspeaker attenuator is how well it 
mimics the impedance of the loudspeaker which the amplifier 
normally drives. Loudspeakers have lots of variation in their 
impedances and they also have strong reactive elements. The 
Palesaver confines 
itself to emulating the 
resistive part of the 
impedance only. If | 
ever get a year or two 
to experiment with a 
room full of acoustic 
measuring gear, I'll 
make Palesaver II 
emulate the frequency- 
dependent reactive 
part of the typical loud- 
speaker. 


The Circuit 

An input selector, SW1, 
allows the attenuator to 
be taken completely out 
of circuit. With the atten- 
uator in circuit, the 
signal passes through 
three resistors in series, 
the top one (R1) of 
around 6 ohms, the 
second (R2) of around 
1.5 ohms and the third 
(R3) at 0.5 ohms. 
Switch SW2 controls 
the tapping point that 
the loudspeaker is 
attached to. Itis a 
centre-off switch, so the 
loudspeaker can be 


Fig. 2 Internal layout of the Palesaver. 


disconnected completely. 

_ Using the limited range of-values of high 
power resistors, | have assembled multiple 
parallel resistors for R1 and R2, to get as 
close as | can to 8 ohms overall impedance, 
with at least the rated power capability. | 
have used 3W to 10W resistors - | consid- 
ered using 25W types, but the very limited 
range of values and expense stopped me. 
Table 2 shows the values for the three 
different versions. In fact the 25W and SOW 
versions are identical except for power 
ratings. However, the 100W version had to 
have a different R2, and this rneant a small 
change.in R1 as well. Assuming perfect 
components, all versions are well within 1% 
of'8 ohms in input impedance with no toud- 
speaker connected. Even with some 
component variance, the impedance will be 


“pretty close, as paralleling resistors together effectively aver- 
ages their values. 


Output Level Settings HIGH LOW 


Power Attenuation 13.5dB 24.5dB 
Output Impedance (no ballast 

resistors, zero source impedance) 1.60hm 0.45 0hm 
Table 7 Attenuation and output impedance of the Palesaver, ail versions. 


Table 1 shows the attenua- — 
tion levels and the output 
impedances without ballast 
resistors. To emulate valve 
amplifier outputs, the ballast 
resistors (R4 and R5) can be 
switched in or out of the 
signal path by two switches 
(R3 and R4). 

When it is being used for 
measurements, the speaker 
should be turned off as this 
affects the impedance. A 
phones socket is included so 
that the output con be moni- 
tored over phones, Most types 
of phones will make negligible 
difference to the input imped- 
ance of the unit. 


Construction 
The layout shown in the 
diagram and photographs is for 
the 100W unit, but the 25W 
and 50W versions are similar. 
The extra connectors in the 
prototype are XLR sockets in 
parallel with SK1 and 3, to give 
some extra versatility with the 
connections. 

The main constructional 
effort goes into preparing the 
case. As the unit gets hot, | 
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25W 
8 x 47R 3W (6.88 ohm) 


2 x 8R3 3W (1.65 ohm) 
OR47 2W 


Resistance with 
no load 8.00 ohm 
Resistance with 
8 ohm load on 
HIGH setting 
and no ballast 7.6550hm 


Table 2 Component values for different power levels. 


built it into a metal box with no plastic fittings or vinyl covering 
and painted it using heat-resistant black paint. | clamped the 
high power resistors to the case bottom, using a piece of 
aluminium L-channel and some bolts, so that whole case acts 
as a heatsink. | used some epoxy resin to seat the clamp on 
the resistors. 

With this type of construction, the 100W Palesaver can with- 
stand around five to ten minutes of full power, depending on the 
amount of ventilation. To withstand 100W RMS for long 
periods, the Palesaver needs a heatsink with a thermal coeffi- 
cient of around 0,5C/W, or two heatsinks with coefficients of 
1.1 to 1.2C/W. Rather than choosing a case and bolting the 
heatsinks to it, it is probably cheaper and easier to build a 
simple case using the heatsinks as an integral part. 

To make up the compound resistors R1 and R2, | used short 
lengths of copper wire from mains cable to form busbars, to 
which | soldered the individual resistors. . 

The remainder of the construction is straightforward. 


BSUYLINES 
Nothing here should present problems. The high power resis- 
tors came from Maplin, but other suppliers like Electrovalue and 


100W 
8 x 47R 10W + 180R 
3W (6.690hm) 


8 x 47R 7W (6.88 ohm) 


2 x 3R3 SW (1.65 ohm) 3 x 4R7 10W (1.87 ohm) 


OR47 3W OR47 7W 


8.00 ohm 8.030hm 


Cricklewood stock suitable types. It's always safer to under-rate 
resistors, So go for the power above rather than below if you 


"cannot get the power specified. Buy the case once you have 


the resistors, switches and connectors, so you can work out 
whether there’s enough room for them all. 


Resistors 
R1,2,3 See Table 1 
R4 0.47R 0.5W 
R5 2R2 1W (or 2 ohm 3R9 0.5W) 
Miscellaneous 
SW1 DPDT toggle switch 
| SW2 SPDT centre off toggle switch 
SW2,3 SPST toggle switches 
SK1,3 mono jacks, XLR, or any suitable connectors, 
to choice 
SK2 headphone socket (e.g. stereo jack) 


Case, wire, heat resisting paint, aluminium L-channel 
extrusion for clamping resistors, M4 bolts to fit clamps 
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SE Re gi On 


miss the 


19TH 
SANDOWN PARK 


MODEL 
EXHIBITION 
& DISPLAY 


> ‘ \ Sandown Exhibition Centre 


A first for Sandown! 


WORLD CHAMPIONS 
display their skills... 


Hanno Prettner 
World Aerobatic Champion 


AND 
; d 
urtis Youngbloo 
Pore Champion F3C Helicopters 


(Sponsored by Northern Helicopters Ltd.) 


Esher, Surrey. 
May 14th & 15th 
1994 


9.30am — 6pm 


Calling all model 
enthusiasts and 
families.. 


Come one. Come all! 
Watch the incredible model 
aircraft displays and check out 
the model car racing, model 
railway displays and novelties 
Wander around the numerous 
trade stands. There’s 
something for everyone at 
Sandown... 


@ Radio control equipment @ Aircraft 
@ Car and marine engines @ Helicopters 
@ IC and electric cars @ Boats and yachts 
@ Railway layouts and engineering products. 


Further details and advance tickets available from: Argus Specialist Exhibitions 
Argus House, Boundary Way, Hemel Hempstead, Herts. HP2 7ST. Tel: 0442 66551. 


ow that we have the hardware for the chart recorder 
and the ADC routine at line 200, the next step is to 
plan and then write the rest of the program. The outline 
of the software is quite simple viz- 


Set up the buffer and other variables 
Put up headings 


Read in from the user any controls e.g. 
Clock time, number of traces (inputs) 
Any notes for the start of the run 
Starting time 


Calculate any values required for clock, etc. 
Calculate the maximum duration of the run and put 
it on the screen 


Start recorder loop 
Read keyboard to see if action required 
Read ADCs and put on screen and in buffer 


A Virtual 
Chart Recorder 


Check for buffer full 
Wait for clock tick 
Repeat loop 


Perform any actions required 
Back to loop or finished 


If finished 
End of run notes 
Dump data to file 


END 


Although simple the outline does require a number of design 
questions to be answered. These are centred around two func- 
tions - how to display the data on the screen and how to save 
the data in the buffer? Unfortunately, life is made a little difficult 
because these two questions cannot be dealt with in isolation. 

The size of the screen in this case has to be measured in 
pixels and the usual common values are around the following, 
horizontal first. 
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a 


256 x 192 
640 x 200 
640 x 350 
640 x 480 
720 x 348 


| will assume the chart will be drawn horizontally to fit the normal 
convention of time along the X or horizontal axis and amplitude 


along the Y axis. This doesn't have to be the case and it should - 


be fairly easy to turn the argument through 90 degrees. 

It will be most convenient to set the horizontal axis in a 
multiple of 60, so that it fits either seconds or minutes. 
Consequently, using the above figures then 240, 600, 660 or 
720 fits the bill. In the demonstration program coming shortly, 
600 seems to fit the bill nicely. 

The vertical axis will, on the face of it, be dependant upon 
the resolution of the ADC. However, there is really a more 
immediate consideration, namely the user. | think it will be diffi- 
cult to appreciate a trace more than 128 pixels vertically. Indeed 
my chart recorder uses a Dragon, the ADCs of which only have 
a resolution of 6 bits, i.e. 0 to 63, giving charts only 64 pixels 
deep and | have never (so far) found this restrictive. 

So those are the basic arguments about the screen. When | 
come to talk about the software in detail it should be possible to 
make these dimensions variable or at least easily changed, by 
changing the code. ; 

Now for the buffer. At first sight there doesn't seem to be 
any problem with the buffer. Since most of the ADCs are 8 bit, 
just bang the data in, one sample per byte. Which is fine, so 
long as it’s only ADC data that’s being put into the buffer. But 
what about the notes at the start and end of the run? How 
about some comments during the run? What about details of 
the run, like start time, tick time, etc.? Where will they be kept? 
Will the ADC data ever be sent over a serial RS232 link? | do 
this, sending the data from the Dragon buffer to a file on the PC 
and the snag is that low values are used as control characters 
on serial links. In fact, decimal 26 is the end of file character 
and, if sent, would stop the PC in its tracks! 

The only problem really is to mark the start and finish of 
different types of data. Why not have some control codes such 
as 255 for start of ADC data and 254 for end of ADC data, 253 
for start of text message and 252 for end of text message. 

Take this a step further and never use a value of less than 
40. If we do this, then all the data can go into the buffer of 
whatever type and there is no problem transferring it around any 
system, or recording it on disk and so on. 

If we are using 8 bit ADCs, how about restricting the scale to 
0 to 200, i.e. 0 to 2 V? Then adding 40 so that nothing less than 
40 appears in the data. That gives a maximum ADC data value 
of 240, leaving 241 to 255 to be used as control codes. 

If you are going to use one of the units that will digitise up to 
16 bits, then a similar technique could be used, while using two 
bytes of the buffer for each item. 

There are various ways of encoding data of different types, 
as our MIDI users will know. For example, if the byte has its 
most significant bit set, it's a control code and there is only one 
byte to it. If the most significant bit is zero, then it is the first byte 
of a pair containing ADC data. 


Software in Detail 

Its time to get down to the nitty gritty, enough talking. | am 
going to design a system using BASIC, a PC and an ADC-16. 
This will enable me to illustrate most of the points, using a fairly 
universal language and a hardware sub-routine for gathering the 


data. This will be the only bit that might be different to your own 
system. 


5 DATA Chart Recorder for PC and ADC-16 
v1.00 
8 DATA Copyright K.Garwell 1993 


(But free etc.!) 


10 DEFINT A-Z:DEF SEG=&H9000:DIM 
ADCVAL (7) , DIFFVAL (8) 

20 DIFFVAL (0) =128:DIFFVAL(1)=64:DIFFVAL 
(2) =32:DIFFVAL (3) =16 

30 DIFFVAL (4) =8:DIFFVAL(5)=4:DIFFVAL 
(6) =2:DIFFVAL (7) =1 

40 DIFFVAL (8) =1:BUFLIMIT! =64000:RESMODE 
=15 . 

90 GOTO 1000 


The DEF SEG defines a segment address 64K below the top of 
my memory, which is 640K. If you don’t have this facility and 
the buffer has to be within the BASIC area, then use the CLEAR 
instruction, e.g. :CLEAR 100,&H2900-1:. This will save 100 
bytes for strings and set the top of memory so that the buffer 
can start at &H2900. This allows sufficient for the program | 
should think. If you get an out of memory error, increase the 
value in steps until it works. BUFLIMIT! sets the value at which 
the buffer warning is given, while RESMODE defines the resolu- 
tion and mode for use by the line 200 routine. 


100 ICS$=INKEYS$:IF IC$=”""* THEN 100 
110 RETURN 


- Asimple keyboard routine to read single characters. 


200 FOR CHAN=0 TO 7 

210 CTRLBYTE=RESMODE+CHAN* 32 

220 PRINT #1,CHRS$ (CTRLBYTE) ; 

230 IF LOF(1) 

230 IF LOF(1)<0 THEN 230 

240 ADCS$=INPUTS (3, #1) 

250 ADCVAL (CHAN) =ASC (MID$ (ADC$,3,1)) 

260 IF ADCVAL(CHAN)<MINVAL THEN 

ADCVAL (CHAN) =MINVAL 

270 IF ADCVAL (CHAN) >MAXVAL THEN 
ADCVAL (CHAN) =MAXVAL 

280 NEXT:RETURN 


This is the same as the previous driver, except that the ADC 
value is limited to 8 bits positive, otherwise more than 1 byte 
would be needed to store it. The other difference is that the 
channel number is generated within the routine. RESMODE is 
part of the control byte and identifies resolution and mode, In 
addition, two lines are added, 260 and 270, which enforce the 
limits allowing the inclusion of control characters in the buffer. 


300 LINE INPUT"MSG ? “;ICS$ 


310 POKE BPTR!,253:BPTR!=BPTR!+1 

320 FOR I=1 TO LEN(IC$) 

330 POKE BPTR!,ASC(MID$ (ICS,I,1)):BPTR!= 
BPTR!4+1 

340 NEXT 

350 POKE BPTR! /252:BPTR! =BPTR! +1360 


IC$="" : RETURN 
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This routine allows a message to be inserted in the buffer, 
updating the buffer pointer BPTR! as it goes along. The 
message is surrounded by two control characters, values 253 
as start-message and 252 as end-message. 

That’s all the subroutines, now for the start of the main code. 


1000 SCREEN 2:CLS:RESTORE:READ ICS:PRINT 
IC$:READ IC$:PRINT ICS 


Put up the header messages. Screen 2 indicates the type of 
graphics screen in use and is one of the commands/functions 
that does depend on the origin of the BASIC. It is dependant 
also on the machine in use. For example, to the BASIC compiler 
which | usually use, SCREEN 2 indicates the high resolution 
graphics screen often referred to as “Hercules”. However, to the 
ancient IBM XT that | have also used, this means the colour 
graphics screen. Oddly enough, therefore, this program will run 
unchanged on either machine, either compiled or interpreted. 
1010 PRINT"Dump, Restart, Quit, 
Message” 

INPUT*’Tick time in seconds “;TICK- 
TIME: LOCATE CSRLIN-1, 40 
INPUT*’Number of traces “;NUMTRACES 
LINE INPUT”Start message ? 
“;STMSGS:LOCATE CSRLIN-1, 40 
PRINT”’Chart duration “%; 

PRINT USING “####.# HOURS” ;2°16 
/NUMTRACES* TICKTIME/ 3600 
OPEN”COM1:9600, N,8,1,RS,CS, DS,CD” 
AS #1 

INPUT*Start time hhmm “;STTIMES 
TW=100:O0F=190:DS=40:BPTR! =1:MINVAL= 
Q0:MAXVAL=200 

LOOPTIME! =INT (TIMER) :POKE 0,255 


Stop, 
1020 


1030 
1040 


1050 
1060 


1070 


1080 
1090 


1100 


Fairly straightforward, setting up the working variables after 
reminding the user (1010) what the options will be when 
running. As | am going to use a full segment of 64K for the 
buffer, line 1050 uses 2416 as the buffer length. Any other way 
of giving the correct figure for 64K will do. This method just 
saved me from having to think about it as | wrote it. 

TW is the trace width and OF the offset to position the traces 
up or down the screen, 190 is suitable for many screens but 
can be changed as necessary, to accommodate particular 
machine/BASIC combination. 

DS is the data shift added so that no values less.than 40 are 
inserted in the buffer, in case its contents are ever passed over 
a serial link where low values may be interpreted as control 
codes, BPTRI is the buffer pointer. Note that the buffer pointer 
cannot be an integer as declared at the beginning in line 10, 
because it would cause overflow. A BASIC integer only handles 
- 385K to +35K and so would be too small for a 64K pointer. 

MINVAL and MAXVAL are the limits placed on the ADC value 
to allow control codes and data to be included in one byte. | 
have used two letter identifiers in one or two places to shorten 
the lines of code, really only for the purpose of this article, give 
them their proper names by all means. A word about the time 
statements later, and lastly poke 255 as the first byte of the 
buffer, indicating beginning of ADC values. | am going to take 
the easy option and have two separate files, one for text and 
one for binary. 

Now for the main loop 


1140 ICS=INKEYS:IF ICS>"" THEN 2000 

1150 LINE(X,OF) -(X,OF-TW) ,0 

1160 IF X<600 THEN LINE(X+1,0F) -(X+1,0F- 
TW) ,1 


The first line checks to see if a key has been pressed and, if 
it has, bombs off to line 2000 to do something about it. The 
code at line 2000 doesn't exist yet (| hadn't written it at the time 
of writing - remember this has all been edited in the light of 
experience since it was first written) but it’s a good line number 
to start on when we get there. The next two lines clear a vertical 
line and draw the cursor. The 0 and 1 refers to black and white 
- again it may be machine/BASIC dependant. 

Now for the heart of the matter. To actually put useful infor- 
mation on the screen. 


1200 GOSUB 200 
1220 FOR CHAN=0 TO NUMTRACES-1 
1230 PSET(X,OF-ADCVAL (CHAN) /2) :POKE 


BPTR! , ADCVAL (CHAN) +DS: BPTR! =BPTR! +1 
1240 NEXT 
1250 X=X+1:IF X>600 THEN X=0 
1260 IF BPTR! <BUFLIMIT! THEN 1300 
1270 PRINT"BUFFER OVERFLOW, PRESS ANY KEY 
TO DUMP" 
1280 GOSUB 100:GOTO 3000 


Again fairly straightforward. Each channel selected by 
NUMTRACES (it could have been NUMCHANS) is put on the 
screen and into the buffer. If the screen pointer, or X as I’ve 
called it, is greater than 600, then it starts again at 0. This is one 
of the best of reasons for having the cursor. 600 seemed a suit- 
able choice of value as many systems provide a horizontal reso- 
lution of 600-720 or more. 

Likewise, the buffer pointer is checked. If it has reached the 
end of the buffer, we must stop the recorder and make it clear 
that we have run out of buffer space. 

The next step is slightly tricky. We have to wait until the tick 
time has expired before going round the loop again for the next 
set of samples. On the PC this is fairly easy to achieve as we 
have two options. There is a TIMER, which gives the time since 
midnight in 100ths of a second and a.TIME$, which returns the 
time in hours, minutes and seconds. Either of these can be 
used, it’s just a question of getting the thinking straight to allow 
for the advent of midnight in one case and the clock number 
base of 60 for seconds and minutes. 

There is also the possibility of another type of TIMER func- 
tion, as is provided on the Dragon. This has a timer which ticks 
50ths of a second but which is not linked to real time. It can be 
set, e.g. :TIMER=0: and read, e.g. ‘TI=TIMER:. The problem 
with this is that you may not know at what value the timer spills, 
i.e. goes back to zero, If this is the case, try the following. | have 
used fictitious line numbers so as not to confuse it with the 
program for the PC, 


X000 IF TIMER<LT THEN X000 ELSE LT=LT+TT 
X010 IF LT>50000 THEN TIMER=0:LT=TT 
X020 GOTO start of loop 


LT is the loop time, the time at which the loop should continue. 
TT is the number of ticks between readings, as set at the begin- 
ning of the run, In this case it is seconds multiplied by 50. 

At the beginning of the run, LT is set equal to TT. Thus, at 
the end of the loop, the program waits for this value to be 
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reached. TT is then added to LT to give the value for the next 
time round and so on, but not ad infinitum because at some 
point the time will spill to zero (the equivalent of midnight for the 
PC type of timers already mentioned). To avoid trying to get the 
arithmetic right, the second line, X010, resets the counter when 
it gets to 50000. 

However, with the PC we have to get the arithmetic right 
because resetting the timers would alter the PC’s clock. 

Using the PC timer function is easiest, so here goes. 


1300 LOOPTIME! =LOOPTIME! +TICKTIME 

1310 IF INT(TIMER) <LOOPTIME!-86400 THEN 
LOOPTIME! =LOOPTIME! -86400 

1320 IF INT(TIMER) <LOOPTIME! THEN 1320 
1330 GOTO 1140 


First calculate LOOPTIME, the time at which the loop repeats 
and then, in line 1310, check that the timer has not reset, i.e. 
just gone past midnight, and correct the LOOPTIME if it has by 
subtracting 86400, the number of seconds in a day. Then wait 
for the time to expire in line 1320. 

This timer routine is written such that the time is in seconds 
and the fastest recording speed is therefore 1 sample every 
second. The TIMER function usually returns hundredths or 
tenths of a second as a decimal fraction (hence the INT func- 
tions) so, in fact, the program could be tweaked to run faster 
than in 1 second steps. : 

In any case, it would be wise to add a line which checks that 
the program is not running slow, by adding a line which checks 
for this in front of line 1820. Do the experiment with all channels 
selected. For instance: 


1315 LOCATE CSRLIN,1:IF INT (TIMER) >LOOP- 
TIME! THEN PRINT”’L”; ELSE PRINT”E”; 


The “E” indicates early, i.e. ready and waiting. I’m sure you 
will guess what the “L” stands for! This would give, by experi- 
ment, the fastest the program will run - then take the line out. | 
have tried this program on an early IBM and it ticks seconds 
perfectly with all 8 channels in operation. 

Next the actions, dump, quit, etc. 


2000 
2010 
2020 
2030 
F 2040 
E. 2050 


IF 
IF 
IF 


Ic$="d”" THEN 3000 

Ic$="s" THEN END 

IC$="q” THEN SYSTEM 

IF IC$=*r” THEN RUN 

IF ICS="m" THEN GOSUB 300:GOTO 1140 
GOTO 1140 


The actions offer dump to disk, stop but remain in BASIC, 
: quit, i.e. leave BASIC, restart and message, i.e. insert a 

/* message in the buffer. You will find that after inserting a 

". message it ticks quickly to make up the time lost while typing 
the message. | have found the in-line message very useful to 
.. Note unforeseen changes during a run, e.g. “It just blew up!”. 
Which leaves only the dump to disk. 


F 3000 


LINE INPUT”End message ? “;ENDMSGS 
* 3010 


INPUT”File name without suffix 
“;PILENAMES 

IF FILENAMES="" THEN RUN 
OPEN"’O” , #2, FILENAMES+" .CRT” 
PRINT #2,STMSGS;”:*;STRS (TICK- 
TIME) ;”:";STRS$ (NUMTRACES) ;”:%; 


E3020 
F 3030 
3040 


3050 PRINT #2,STTIMES;”:” ;ENDMSG$ 
3060 CLOSE #2 


3100 POKE BPTR!,254 
3110 BSAVE FILENAMES+”". CRB”,0,BPTR! +41 

Nothing very spectacular here, | even took the easy way and 
put the setting up text in one file, filename.CRT and the ADC 
data in another called filename.CRB. The first is a simple text 
file, the second a simple binary file. And that is why the file 
name is ask for “without suffix”. 

So here are the last two lines - 


3120 PRINT”’Finished” 
2000 


3130 GOSUB 100:GOTO 


The gosub line 100 is so that nothing is cleared from the 
screen until a key has been pressed. 


The Display Program 
Although the chart recorder program puts the trace(s) on the 
screen as well as in the buffer, it is useful to have a program 
which will replay the recording. 

Much of what follows will have appeared already in the 


recorder program and the comments will apply to this also. 
Anyway here it is. 


5 DATA Chart Recorder Display for ADC16 
v1.00 

8 DATA Copyright K.Garwell 1993 

10 DEFINT A-Z:DEF SEG=&H9000:DIM 
ADCVAL (7) 

90 GOTO 1000 


Not much setting up this time and the comments about the 
buffer, DEF SEG, etc., will be the same as before. In fact the 


statements in this program should be the same as those in the 
recorder program. 


100 ICS=INKEYS$:IF ICS="" THEN 100 
110 RETURN . 


Wait for a key being pressed. 


300 LINE(X,OF)-(X,OF-TW),0:IF X<600 THEN 
LINE (X+1,O0F)-(X+1,OF- TW),1 
310 RETURN 


The same code as used to clear a line and set the cursor but 
this time used also to mark the position at which comments 
were made by means of the in line message facility. 


1000 SCREEN 2:RESTORE:READ IC$:PRINT 
IC$:READ IC$:PRINT IC$:PRINT 


Put up the heading and then read all the control values and 
the start and end messages from the text file filenarme.CRT. 
These were all separated by colons so the code looks for the 
colons to find the appropriate fields. 


1010 INPUT"FILE NAME WITHOUT SUFFIX 
”;FILENAMES: LOCATE CSRLIN-~ 1,40 

1020 OPEN’ I”, #2,FILENAMES+”,CRT” 

1030 LINE INPUT #2, TEXTS 
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1040 COLON=INSTR (1, TEXTS,”:”) 

1050 STMSGS=LEFTS (TEXT$,COLON-1) 

1060 START=COLON+1 

1070 COLON=INSTR (COLON+1, TEXTS, ”:”) 

1080 TICKTIME=VAL (MIDS (TEXTS, START, COLON- 
START) } 

1090 START=COLON+1 

1100 COLON=INSTR(COLON+1, TEXTS,%:”) 

1110 NUMTRACES=VAL (MIDS (TEXTS, START, 
COLON-START) ) 

1120 START=COLON+1 

1130 COLON=INSTR (COLON+1, TEXTS,”:”) 

1140 STARTTIMES$=MID$ (TEXTS, START, COLON- 
START) 

1170 ENDMSG$=RIGHTS (TEXTS, LEN (TEXTS) - 
COLON) 

1180 CLOSE 

1190 PRINT”Start msg “;STMSG$ 

1200 PRINT”Tick time seconds 
TIME; : LOCATE CSRLIN, 40 

1210 PRINT”’Num traces “;NUMTRACES 

1220 PRINT”’Start time 
“; STARTTIMES; :LOCATE CSRLIN, 40 

1230 PRINT”End msg “;ENDMSGS$ 


“; TICK= 


The descriptors ticktime, etc., having been recovered from 
the text file, now recover the ADC data from the binary file. 


2000 BLOAD FILENAMES+”.CRB” 


2200 TW=100:0F=190:DS=40:BPTR!=0: TRACE=0: 
X=0:MSG=0 
2210 GOSUB 300 


Variables set up and cursor on screen, now read the buffer 
byte by byte. 


2300 BUFVAL=PEEK (BPTR!) :BPTR!=BPTR!+1 
2310 IF BUFVAL=255 THEN 2300 


ADC data starts skip to next byte 


"2320 IF BUFVAL=254 THEN PRINT” 
Finished”:GOSUB 100:GOTO 4000 


ADC data ends, finished but wait for key press before exit. 


2330 IF BUFVAL=253 THEN MSG=- 
1: LINE (X, OF) - (X, OF- 
TW) ,1:PRINT”/”;:GOTO 2300 


Start of inline message detected. Set the MSG flag to show 
a message is in progress, set the cursor to show where 
message was inserted, print a/ to show start of message (there 
might be more than one, so there needs to be a separator). 


2340 IF BUFVAL=252 THEN MSG=0:GOTO 2300 


If it’s the end of a message, clear the message flag and read 
the next byte. 
2350 IF MSG THEN PRINT CHRS$(BUFVAL) ; :GOTO 
2300 


If there’s a message in progress, print the byte as a char- 
acter and read the next byte. Don't miss the semicolon. 


3010 PSET(X, OF-(BUFVAL-DS) /2) 

3030 TRACE=TRACE+1 

3040 IF TRACE>NUMTRACES THEN 
X=X+1:TRACE=0:GOSUB 300 


Otherwise it's ADC data set the appropriate pixels for each 
trace, advance the screen pointer X and set the cursor. , 


3050 IF X>600 THEN X=0:GOSUB 100 


If the full width has been reached, reset the screen pointer 
and wait for a key press before starting at the beginning of the 
screen again. 


4000 IF ICS="q” THEN SYSTEM 
4010 IF ICS="r” THEN RUN 
4020 GOTO 2300 

If the key pressed was aq, then leave BASIC, else if the key 
pressed was an ‘R’ restart the program, otherwise continue 
reading the buffer. 


In Conclusion 

The programs shown are adaptable to considerable enhancements 
to suit your own purpose, which is one big advantage of this type 
of DIY exercise. Possible enhancements which occur to me. 

If you use a colour monitor then the traces can be coloured 
to ease identification. Change the colour identity in the PSET 
instruction for each channel. 

The screen vertical offset OF could be altered from trace to 
trace, so that the traces were positioned one above the other, 
rather than on top of each other as they are here. | know the 
latter sounds bad but, in’ practice, unless the traces are all 
similar quantities, e.g. comers or there are a lot of them, it 
is fairly easy to distinguish’ one from the other. 

The easiest way to:dg‘it would be to have an array of © 
channel offsets which could be set by the user, along with tick- 
time, etc. Then include this value in the loop which sets the pixel 
for each channel. 

Adding any arithmetic to modify the value measured by the 
ADC is probably best done in the line 200 routine. You may 
then need to move the message handling routine up to line 400 
from 300 to allow the ADC routine more elbow room. 

Printing details from the screen is most easily done by using 
the print-screen supplied with the computer. This is a possible 
candidate for DIY but it's not so easy to.get right. Most-printers 
can be set into graphics mode and for the 9 pin models this 
allows 8 pins to be driven by every byte sent to the printer, Thus, 
0 to 200 would be spread over 25 lines, the line spacing being 
adjusted so that there is no gap between successive lines. Use 
an array of 25 strings to represent the print lines and direct the 
data to them by dividing the ADC value by 8. This selects the 


string number and the remainder selects the pin to be activated. 


The X value selects the byte in the string. Don’t forget to OR 
the values into the bytes, so that if two traces select the same 
byte, one doesn't delete the other! 


ADC-16 is available from: Pico Technology Ltd. 
Broadway House, 149-151 St. Neots Road, 
Hardwick. Cambs. CB3 7QT.Tel: 0954 211716. 


BADGER BOARDS 


Printed Circuit Boards 


Prototype-Sin Petia runs. Minimum gia £15.00. Artwork, 
Plotting from Schematic to final board layout. Send 8.A.E. now for 
Catalogue of Kits-Boards-Pro available. Many magazine boards 
roduced for pny omy customers. 

Dept: HRT 87, re Sutton Coldfield 

B74 4JF bill 021-353 
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MPU 
Fundamentals 


in the last part of this series we look at communications between computers, 
and between a processor and peripheral I/O devices, as well as taking 
an in depth look at the mysteries of the RS232 


onventionally, when we talk about input and 
output from a microprocessor system we are 
talking about parallel communications. The use of 
an eight line /O port to output, or input, a logic 
pattern corresponding to a single byte in the processor's 
memory, with each bit in that byte corresponding to a specific 
(/O line on the port. 

Thus, if we want to output text from a computer system to a 
peripheral device, say a printer, we could use a parallel port to 
transmit the text as ASCII code (see table 1 for ASCII character 
codes) one character at a time. If we were to use the full ASCII 
code, we would require all eight I/O lines on a port, but we 
would also need a means of telling the peripheral device that 
there was valid data being output on the port. We can do this 
with the aid of one or more special lines, known as a hand- 
shaking lines. These are shown in Figure 1. 


Fig. 1 An 8255 based parallel data communications circuit. 


We cannot just keep changing the data on the I/O port lines 
without some way of synchronising this sequence of data 
output bytes with the hardware that is reading the incoming 
data. We cannot rely on the system reading the data being able 
to recognise a change in the data. For example, we might 
output the text word ‘NEED' in ASCII code form. This has two 
consecutive Es and without some form of synchronisation, how 
is the receiving system expected to recognise that there are two 
Es rather than just one? 

A bidirectional parallel |/O port would use two handshaking 
lines, one to synchronise output and one to synchronise input. 
The synchronisation function of either of these handshaking 
lines consists simply of toggling the line when there is valid 
data on the I/O port, this can be seen in the waveform 
diagram in Figure 2. 

As far as the processor transmitting the data is concerned, 
handshaking simply consists of toggling the handshake line, but 
the processor or peripheral receiving the data has to keep 


looking at the state of the handshake line before it can read the 
data from its I/O port. There are two ways of doing this, one is 
to poll the handshake line and the other is to attach the hand- 
shake line to the processor interrupt. 

Polling means that the processor is running a program 
which repetitively looks at the state of the handshake line, and 
checks to.see if there is valid data waiting to be input. If there 
is, then the polling program branches to a'routine which inputs 
the data. If the state of the handshake line indicates that there 
is no data waiting to be input then program control will return 
to the main task. Usually, the polling routine is initiated by a 
regular interrupt generated by some form of timing circuit. 
However, if the main application allows, it could be just a 
simple software loop. 

The trouble with a polling technique is that it slows down a 
processor's operating speed, since program control is repeat- 


Fig. 2 Output waveform on parallel data communications port. 
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edly being diverted to. 
check the state of the 
handshake line and 
perhaps also to input data. 
The higher the data 
transfer rate the greater 
this problem, since the 
polling rate needs to be 
considerably higher than 
the transfer rate. 

For these reasons, the 
preferred technique is to 
attach the handshake line 
to a processor interrupt. In 
this way, the processor is 
not tied up looking at the 
state of the handshake line 
and there is no constraint 
on the speed of data 
transfer, it can be fast, slow 
or even of variable speed. 
This means that an interrupt connected handshake system is a 
lot more versatile and also a lot simpler to implement. 

Parallel data communications offer a very good way of rapidly 
transferring large quantities of data between two computing 
devices. Indeed with a properly designed parallel communica- 
tions system, it is possible to transfer data at millions of bytes 
per second, though only over very short cable lengths. This Kigh 
data transfer rate means that parallel communications are the 
preferred solution for linking computers to data hungry periph- 
erals, such as laser printers. 


Fig. 3 Serial data transfer circuit. 


Serial Communications 

Parallel data communications may be easy to implement, but 
they also suffer from some major problems. The first drawback 
is that a parallel data communications system utilises a full eight 
bit /O port as well as a couple of handshake lines and, in some 
systems, such hardware I/O resources are at a premium. 
Another drawback is that they require eleven separate wires - 
the eight data lines, two handshaking lines (one for data input 
and one for data output) and a ground line. 

The large number of wires means that the cables are bulky 
and have to be kept fairly short because of signal degradation. 
This degradation is the result of many factors, including cross- 
talk, signal reflection, low drive voltage (you will rarely find a 
parallel printer cable more than two or three metres long). 
There is also the problem that data in a parallel form can not 
be transmitted long distances over conventional telecommuni- 
cations systems. 

The solution is to trade a high data transfer rate for a reduc- 
tion in the number of wires, in other words send the data in 
serial form rather than parallel form. In its most fundamental 
form such a bidirectional serial communications link will consist 
of just three wires - one carrying data coming into the system; 
one carrying data being transmitted by the system and the third 
being a common ground line. ; 

In a serial communications system, the data, in eight bit 
chunks, is converted from the parallel format used on the 
processor data bus to a string of pulses representing one bit 
after another in strict time sequence, which is output on a 
single line. The device receiving such serial data reverses the 
procedure and converts the sequence of eight pulses back into 
eight bit parallel form. This procedure can be seen in the 
diagram in Figure 3. 

As can be seen in the diagram in Figure 3 the hardware used 


to implement serial data communications is relatively simple. 
Indeed a simple serial communications port can be constructed 
using just two lines on a conventional I/O port and performing 
the serial to parallel data conversion using software. However, in 
most cases, special hardware is used. 

Since serial communications take place asynchronously, in 
other words there is no handshaking or clocking line, it is 
necessary for the serial data to include its own synchronisation 
signal. This synchronisation is achieved by the use of start and 
stop bits, these are shown in Figure 4, Note that in this wave- . 
form there is one start bit and two stop bits. 

The normal state of the line is ‘logic 1’, allowing the system 
to test that the line is functioning. When receiving serial data, 
the computer or peripheral device waits for the falling edge of 
the start bit before clocking in the data. It is this falling edge 
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Fig. 4 Serial data transfer waveform. 


which starts the synchronisation and it means that slight 
discrepancies in the clocking rate, up to a maximum of about 
1/2 bit time, will not be added onto each other over successive 
bytes but will be corrected at the start of each byte. This auto- 
matic correction of clocking rate errors can be seen in Figure 5. 

In order for the data to be correctly clocked in, it is of course 
important that transfer rates are at a predetermined frequency. 
This frequency is usually referred to as the Baud rate and is 
equal to the number of bits that are transmitted each second 
down the serial line. It should be noted that this count includes 
not just the eight data bits but also the start bit and the two 
stop bits. This means that a 300baud serial link will be capable 
of transferring data at the rate of 300/11 or 27.273 bytes per 
second. (There aré other serial data formats than the one 
mentioned here, for example there may be only six data bits 
and perhaps just one stop bit. Obviously it is very important that 
the data formats of receiver and transmitter match, just as their 
baud rates should match) 
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Fig. 5 Transfer waveform error correction. 


Serial Communications Using Software 

As we have seen one of the simplest ways to implement a serial 
communications system is to use a couple of I/O lines on a 
standard parallel port. The serial data input or output on those 
two lines can then be read or generated using software. The 
only additional hardware needed is a buffer/driver on each line, 
to ensure that the signal reaching the receiver I/O port line is of 
sufficient magnitude and has sufficiently clearly defined rising 
and falling edges to be readable. The buffers are also a useful 
way of protecting the I/O chip from the accidental introduction 
of higher voltages, which might result from the user connecting 
it to the wrong type of equipment. 

The first thing to decide when designing such a system is the 
data transfer rate and the data format. These should correspond 
to one of the common standards and will probably be dictated 
by the equipment with which the system is communicating. 
Thus, we might decide to use the commonly used 2400baud 
data transfer rate, with a data format consisting of one start bit, 
eight data bits and two stop bits. In other words, a system 


1 
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capable of transferring data at 218.182 
characters per second. 

With a data transfer rate of 2400 bits 
per second, we can say that each indi- 
vidual bit has a duration of 417us. We 
need to know this time duration, since 
the software serial input and output 
routines will have to generate a correctly 
timed delay in order to be able to clock 
each pulse in. 

Let's first look at the serial data input routine, the flow chart 
for which is shown in Figure 6. At the beginning of the flow. 
chart, the program consists of a loop which checks the state of 
the serial input line and tests for the falling edge at the begin- 
ning of the start bit (note that this is where the synchronisation 
adjustment takes place). The processor then goes into a delay 
loop which causes it to wait 208.5us, half a bit time, then 
another delay loop which causes it to wait 417s, a whole bit 
time. The reason for these two delays is to wait through the 
entire duration of the start bit and then half way through the 
duration of the first data bit. In this way the state of each bit in 
the data stream is tested in the middle Gi each pulse, to ensure 
optimum reading accuracy. 

The serial input routine then repeatedly loops around the 
serial input part of the code - waiting 417s, inputting the state 
of the serial line, adding that bit to the assembled character, 
decrementing a counter set to 8 at the start of the byte input 
routine, then checking to see whether that counter is zero and 
all eight bits have been input and if so exiting the bit input loop, 
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Fig. 1 Standard RS-232C “D' 
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RS232 Communications 


'| Fig. 2 RS-232C voltage levels. 
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The rest of the routine just consists of a further set of delays 
equal to the time period of the two stop bits. 


We now move on to the serial data output flowchart in Figure 


7. This is very straightforward and requires little explanation. 
Obviously, in the above examples different baud rates would 
require different delay times and different data structures, different 
numbers in the bit counter and a different stop bit delay time. 


Hardware Based Serial Data 
Communications 

A software based serial data communications system is quite 
easy to implement, but it has several drawbacks which lead 
many designers to implement serial communications using 
hardware. One major limitation is that the use of software timing 
loops means that the processor is tied up performing data 
transfer and cannot be used for any other task while this is 
taking place. This could be a major problem in systems which 
have interrupt signalled data input functions. All the timing of a 
serial data transmission or reception will be thrown out if a 
system interrupt occurs during data transmission. Since the 
processor will have to jump to the interrupt handling routine, 
perform that and then return to the serial data routine, the result 
is that synchronisation will have been lost and input data will 
either be lost or garbled. : 

The other problem with software controlled serial communi- 
cations is that they are specific for a particular system. In most 
cases, programs will run equally well on different systems, with 
different system clock rates (in other words, different processing 
speeds). But change the clock rate and our software generated 
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Data terminal ready 
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delays are also changed, thereby making the software serial 
communications system useless. 

The solution to both these problems is to use a dedicated 
serial |/O controller and these come under a variety of acronyms: 


ACIA - asynchronous communications interface adaptor 
UART - universal asynchronous receiver/transmitter 

SIO - serial input/output 

USART- universal synchronous/asynchronous receiver/trans- 
mitter 

DART - dual asynchronous receiver/transmitter 


These devices all perform the same kind of task and, by and 
large, the only real difference lies in the manufacturer and the 
family of microprocessors for which they were designed. Thus 
6800/6502 MPU family users might use the 6850 ACIA and 
Intel or Z-80 users, the 8251A USART. - 

As far as the processor is concerned, chips like the 8251A 
and the 6850 look like a couple of memory or I/O locations 
which can be written to, or read from. In the 6850, the two 
addressable locations contain four registers, two of which are 
read only, the other two being write only. The read only registers 
are a status register and a receive data register. The write only 
registers are a control register and a transmit data register. 

A circuit diagram for a typical USART based hardware serial 
communications system is shown in Figure 8. This circuit shows 
a 8251A, with associated 74138 address line decoder, 
producing a serial input line and a serial output line. The timing, 
in other words the baud rate at which the system will operate, is 
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Fig. 6 Software serial data input flowchart (2400 Baud). 


determined by a clock pulse input to the TXC and RXC lines of 
the 8251 (here they are tied together and receive the same 
clock frequency, but it is perfectly feasible to have a system with 
different transmit and receive baud rates). 

The USART transmit/receive clock input can be derived from 
a special purpose external clock generator, but it is far more 
usual to derive it from the system clock, which has been divided 
down. In this example the system has a clock rate of 
7.32728MHz, which is divided by 12 using a 7492 to give an 
input to TXC and RXC of 614.4kHz. This is then divided inter- 
nally by 64, by the 8251, to give a baud rate of 9600. The 
Fig. 6 Software serial data input flowchart (2400 Baud). derivation of the serial clock from the system clock accounts for 
some of the rather strange system clock frequencies which are 
employed in some systems. 
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Fig. 2a Serial cable connections. 
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Making Your Own Cables 


You will notice on the circuit 
diagram in Figure 8 that the 
serial input and output from the 
8251 are fed into a MAX232 

' chip, before being available as 

'« a standard RS232 serial I/O 
port. The MAX232 is a special 
RS232 receiver/transmitter 
circuit which converts the 5V 

' TTL output of the 8251 into. the 
'  £12V RS232 standard volt- 

' ages, without any need for 
special power supply lines - 
see Box 1 for a full description 
of the RS232 serial communi- 
cations standard. 


Last Word 

This look at parallel and serial 
data communications tech- 
niques ends this series of arti- 
cles, which has examined some 
of the fundamentals of micro- 
processor design. | hope that it 
has persuaded readers that 
building microprocessor based 
systems is not that difficult and, 
with the low price of MPU 
chips, they offer an ideal way of 
implementing some interesting : Fig. 8 Usart circuit for RS-232 1/0 
and sophisticated applications. 
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PCE 
SERVICE 


Most readers will have noticed that we have not been offering a PCB 
service for the last couple of months. | wish to reassure readers that this is 
not a permanent situation and is due to a change in PCB suppliers. In the 
very near future we shall be resuming the service and will be able to offer 
ail PCBs, including those for the last few months’ issues of ETI. | would 
like to appologise for this delay. 


In the mean time we are clearing our back stocks of old PCBs, some of 
which go back to projects run four or five years ago. We are offering these 
at a bargain price of 2/3 of the original price, a bargain for project builders! 


This month we are running the first half of our list of sale price PCBs. 
Don’t miss out, because this is a never to be repeated offer and once sold 
out, we will not be restocking! 


Telephone your order on (0442) 66551 Access or Visa 
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Brake Light Monitor 


OOPS 


Figure 8 of John Linsley Hood's 


1994) has a smail error. Brea 
link to connec 


Digital Shutter 
Timer 
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Open Forum 


A few days ago, | had a phone call from a 
reader who was complaining that the 
magazine now had too much emphasis on 
microprocessors and computing and not 
enough on traditional electronics. | am 
always interésted to hear what readers 
have to say and, | was curious to know 
what he meant by traditional electronics. 
His response was simply that he consid- 
ered traditional electronics to consist of 
Circuits built from logic ICs, OP-Amps, 
transistors, etc. 

Traditional electronics uses logic ICs 
and Op-Amps? Now, | am not that old, 
-but | can remember when the first ICs — 
were produced, If he had said transistors 
or valves, then ! would perhaps have 
understood what he meant by traditional. 
In a technology which is developing as 
rapidly as electronics you cannot sit down 
and say this is classical traditional tech- 
nology and everything developed from 
now on is of dubious worth. 

The reason for this tale is to. me 
to expound on a key element of editorial 
philosophy. 

This magazine is about electronics, 
about all forms of electronics devices and 
about things that are controlled by elec- 
tronics. Computers are electronic 
devices, we cannot draw a line between 
computing and electronics, they are one 
and the same thing. 

in pure cybernetic terms, any digital IC 
is just a black box’ which has a specific 
table of transformations controlling rela- 
tionships between the inputs and the 
outputs. A computer is just another cyber- 
netic ‘black box’ with input, output and a 
transformation table relating the two. 

The only real difference is that a 
computer is a general purpose circuit, 
which allows the user to change the trans- 
formation table by changing the program. 
This means that we can use a computer 
to behave in exactly the same way as any 
other ‘black box’, simply by writing the 
appropriate program. And it matters little 
whether we are talking about digital input 
and output or analogue input and output. 


2xt month... 


Filling a foot square board with dozens 
of ICs may qualify for the term traditional 
electronics, but what is the point of 
designing and building such a board, 
when it could be replaced by a simple four 
or five chip microprocessor system 
programmed to behave in exactly the 
same way as our board full of ICs. 

There has to be a proper balance of 
course, simple circuits will always be 
constructed using basic ICs, transistors, 
and discrete components. But most of 
the more complex applications are a lot 
easier to implement using a micro- 
prooessor or microcontroller. |, for one, 
am all for making life easier. Then, of 


_course, there is the added bonus that 


processor based circuits are a lot easier 
to modify and update. 

A lot of applications will consist of both a 
microprocessor and a reasonable number 
of analogue or digital circuits that are 
connected to it. In these cases we should 
think of the processor and its software as 
providing the ‘glue’ which links all the other 
pieces together. A ‘glue’ which allows us to 
design easily tested modular systems of 
considerable complexity. Systems which 
would probably be considered too complex 
to be built in any other way. 

| feel, therefore, that it is only right that a 


magazine like ETI should reflect the current 


trends in electronics and cover what my 
caller referred to as ‘traditional electronics’, 
as well as the use of microprocessors and 
computers. Only by understanding all 
these elements can we make full use of the 
technology available to us. 

My apologies to readers who think that 
computing has no place in an electronics 
magazine, but | think such readers are 
mistaken and | hope that the kind of 


_ projects which we shall be running over 


the coming months and years will demon- 
strate why. 

This magazine and its readers have to 
move with the technology and be at the 
forefront of that technology. Traditional 
technology is the technology of today, not 
the technology of yesterday. 


We continue Jim Spence'’s project to build an experimenter’s computer, with the 
design for a keyboard and LCD display. For cyclists, there is an electronic 
speedometer project from Bob Noyes and, on the home front, a passive infra-red 
alarm from Robert Penfold. We will also be starting a project to build an infra-red data 
communications system that can be used to link two computers in different buildings; 


without the need for cables. 


Robert Penfold will be beginning an introductory series on MIDI and June also sees 
the start of series on repairing and upgrading PCs, and on basic electronic circuits, 
while our main feature article will be looking at circuit simulation software. 
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Part 2 1987 


Level B: 
- Assurance 
AS12750 


Over 700 colour packed pages with hundreds 
of brand New Products at Super Low Prices, 
on sale now, only £2.95. 
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